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VACCINE FOR TRANSCUTANEOUS IMMUNIZATION 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application claims the benefit of provisional U.S. Appln. No. 60/268,016, 
filed February 13, 2001; U.S. Appln. No. 60/304,110, filed July 11, 2001; U.S. Appln. 

No. 60/310,447, filed August 8, 2001; and U.S. Appln. No. 60/310,483, filed August 8, 
2001. 



STATEMENT REGARDING FEDERAL SPONSORSHIP 

The U.S. federal government has certain rights in this invention as provided for 
under contracts MRMC/DAMD1 7-01 -0085 and NIH/AI 45227-01. 

FIELD OF THE INVENTION 

The invention relates to vaccines and transcutaneous immunization to treat 
infections by pathogens such as, for example, enterotoxigenic Escherichia coli (ETEC) 
and/or other symptoms of diarrheal disease caused thereby. 

BACKGROUND OF THE INVENTION 

Skin, the largest human organ, plays an important part in the body’s defense 
against invasion by infectious agents and contact with noxious substances. But this 
barrier function of the skin appears to have prevented the art from appreciating that 
transcutaneous immunization provided an effective alternative to enteral, mucosal, 
and parenteral administration of vaccines. 

Anatomically, skin is composed of three layers: the epidermis, the dermis, and 
subcutaneous fat. Epidermis is composed of the basal, the spinous, the granular, and 
the cornified layers; the stratum comeum comprises the cornified layer and lipid. The 
principal antigen presenting cells of the skin, Langerhans cells, are reported to be in 
the mid- to upper-spinous layers of the epidermis in humans. Dermis contains 
primarily connective tissue. Blood and lymphatic vessels are confined to the dermis 
and subcutaneous fat. 
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The stratum corneum, a layer of dead skin cells and lipids, has traditionally 
been viewed as a barrier to the hostile world, excluding organisms and noxious 
substances from the viable cells below the stratum corneum. Stratum corneum also 
serves as a barrier to the loss of moisture from the skin: the relatively dry stratum 
corneum is reported to have 5% to 1 5% water content while deeper epidermal and 
dermal layers are relatively well hydrated with 85% to 90% water content. Only 
recently has the secondary protection provided by antigen presenting cells (e.g., 
Langerhans cells) been recognized. Moreover, the ability to immunize through the skin 
with or without penetration enhancement (/.©., transcutaneous immunization) using a 
skin-active adjuvant has only been recently described. Although undesirable skin 
reactions such as atopy and dermatitis were known in the art, recognition of the 
therapeutic advantages of transcutaneous immunization (TCI) might not have been 
appreciated in the past because the skin was believed to provide a barrier to the 
passage of molecules larger than about 500 daltons. 

We have shown that a variety of adjuvants are effectively administered by TCI 
to elicit systemic and regional antigen-specific immune responses to a separate, co- 
administered antigen. See WO 98/20734, WO 99/43350, and WO 00/61184; U.S. 
Patents 5,910,306 and 5,980,898; and U.S. Patent Applns. 09/257,188; 09/309,881; 
09/311,720; 09/316,069; 09/337,746; and 09/545,417. For example, adjuvants like 
ADP-ribosylating exotoxins are safe and effective when applied epicutaneously, in 
contrast to the disadvantages associated with their use when administered by an 
enteral, mucosal, or parenteral route. 

U.S. Patents 4,220,584 and 4,285,931 use E. coli heat-labile enterotoxin to 
immunize against E. coli - induced diarrhea. Rabbits were intramuscularly injected with 
the immunogen and Freund’s adjuvant. Protection against challenge with toxin and 
neutralization of toxic effects on ileal loop activity was shown. U.S. Patent 5,182,109 
describes combining vaccine and toxin (e.g., E. coli heat-labile toxin) and 
administration in injectable, spray, or oral form. Neutralization was demonstrated with 
colostrum of immunized cows. Mutant versions of enterotoxin have also been 
described to retain immunogenicity and eliminate toxicity (e.g., U.S. Patents 4,761,372 
and 5,308,835). 
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Novel and inventive vaccine formulations, as well as processes for making and 
using them, are disclosed herein. In particular, TCI and the advantages derived 
therefrom in human vaccination to treat diarrheal disease are demonstrated. An 
important showing is that competition among different antigens in a multivalent 
vaccine was not an obstacle when administered by transcutaneous immunization. 

Other advantages of the invention are discussed below or would be apparent from the 
disclosure herein. 

SUMMARY OF THE INVENTION 

Immunogens comprised of at least one adjuvant and/or one or more antigens 
capable of inducing an immune response against pathogens like enterotoxigenic E. 
coti (ETEC) are provided for immunization. The adjuvant may be an ADP-ribosylating 
exotoxin (e.g, E. coli heat-labile enterotoxin, cholera toxin, diphtheria toxin, pertussis 
toxin) or derivatives thereof having adjuvant activity; the antigen may be derived from 
a bacterial toxin (e.g., heat-labile or heat-stable enterotoxin) or a colonization or a 
virulence factor (e.g., CFA/I, CS1, CS2, CSS, CS4, CSS, CS6, CS17, PCF 0166) or 
peptide fragments or conjugates thereof having immunogenic activity. Subunit or 
whole-cell vaccines comprised of an immunogen and a patch are also provided, along 
with methods of making the aforementioned products and of using them for 
immunization. An immune response which is specific for molecules associated with 
pathogens (e.g., toxins, membrane proteins) may be induced by various routes (e.g., 
enteral, mucosal, parenteral, transcutaneous). Other traveler’s diseases of interest 
that can be treated include campylobacteriosis (Campylobacter jejuni), giardiasis 
(Giardia intestina/is), hepatitis (hepatitis virus A or B), malaria (Plasmodium 
falciparum, P. vivax, P. ovale, and P. malariae), shigellosis (Shigella boydii, S. 
dysenteriae, S. flexneri, and S. sonnei), viral gastroenteritis (rotavirus), and 
combinations thereof. Effectiveness may be assessed by clinical or laboratory criteria. 
Protection may be assessed using surrogate markers or directly in controlled trials. 
Further aspects of the invention will be apparent to a person skilled in the art from the 
following detailed description and claims, and generalizations thereto. 
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DESCRIPTION OF THE DRAWINGS 

Figure 1 . Individual IgG and IgA peak fold rise in antibody titer to LT (A and B) 
and CS6 (C and D) among human volunteers immunized with adjuvant combined with 
antigen (LT+CS6), or with antigen alone (CS6). The transverse bar represents the 
median peak fold rise in antibody titer. 

Figure 2. Kinetics of the anti-LT (A and B) and anti-CS6 (C and D) IgA and IgG 
antibody responses among volunteers immunized and boosted (arrows) using the 
transcutaneous route. The circles indicate the geometric mean titer by the day after 
the first immunization, the bars denote the corresponding 95% confidence intervals. 

* p < 0.05, ** p < 0.01 , *** p < 0.001 , NS non-significant, Wilcoxon signed rank test, 
comparing antibody titer responses between boosting immunizations. 

Figure 3. Individual peak number of anti-LT (A and B) and anti-CS6 (C and D) 
ASC per 10 6 PBMC among responders to the immunization with adjuvant combined 
with antigen (LT+CS6), by the immunization after which the peak value was attained. 

Figure 4. Serum IgG response to TCI with CS3 and CS6 with and without 
LTR192G adjuvant. Mice were shaved on the dorsal caudal surface at the base of the 
tail 48 hr prior to vaccination. The shaved skin was pretreated by hydration with 10% 
glycerol and 70% isopropyl alcohol and tape stripped 1 0 times to disrupt the stratum 
corneum. Gauze patches were affixed to an adhesive backing and loaded with a 25 pi 
volume of 25 pg CS6 or 25 pg CS6 with 10 pg LTR192G. The patches were applied to 
the prepared skin and allowed to remain in place for -18 hr. A group of mice was 
intradermally injected with a 25 pi of CS6 (25 pg) at the base of the tail. All mice 
received a vaccination on day 0, 14 and 28. Serum samples were collected 14 days 
after the third vaccination (day 42). Panels show serum IgG titer to CS3 (A), serum 
IgG titer to CS6 (B), and serum IgG titer to LTR192G (C). 

Figure 5. Serum IgG response to TCI with divalent and trivalent ETEC subunit 
vaccines. The vaccination site at the base of the tail was prepared using the 
procedure described in Figure 4. Gauze patches, affixed to an adhesive backing were 
loaded with 25 pi volume consisting of the following mixtures: 25 pg CS3 and 10 pg 
LTR192G; 25 pg CS3, 25 pg CS6 and 10 pg LTR192G. The patches were applied to 
the prepared skin and allowed to remain in place for -18 hr. All mice received a 
transcutaneous vaccine on day 0 and 14. Serum was collected 1 0 days after the 
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second immunization (day 24). Panels show serum IgG titer to CS3 (A) and serum 
IgG titer to CS6 (B). 

Figure 6. Serum IgG response to TCI using a CS3, CS6 and LTR192G 
multivalent vaccines. The vaccination site at the base of the tail was prepared using 
the procedure described in Figure 4. Gauze patches affixed to an adhesive backing 
were loaded with 25 pi volume consisting of the following mixtures: 25 pg CS3; 25 pg 
CS6; 25 pg each CS3 and CS6; 25 pg each CS3 and CS6 and 10 pg LTR192G. The 
patches were applied to the pretreated skin and allowed to remain in place for ~18 hr. 
All mice received two transcutaneous vaccinations on day 0 and 14. Serum was 
collected 10 days after the second immunization (day 24). Panels show serum IgG 
titer to CS3 (A) and serum IgG titer to CS6 (B). 

Figure 7. Lack of antibody cross-reactivity between CS3 and CS6. The site at 
the base of the tail was prepared using the procedure described in Figure 4. Gauze 
patches affixed to an adhesive backing were loaded with 25 pi volume consisting of 
the following mixtures: 25 pg CS3 with 10 pg LTR192G (panels A and B) and 25 pg 
CS6 with 10 pg LTR192G (panels C and D). The patches were applied overnight (~18 
hr). All mice received two transcutaneous vaccinations on day 0 and 14. Serum was 
collected 10 days after the second immunization (day 24). Serum IgG titers for CS3 
(panels A and C) and CS6 (panels B and D) were determined. 

Figure 8. Serum IgG subclasses elicited by transcutaneous vaccination with 
CS3 with and without LTR192G. Mice were shaved on the dorsal caudal surface at 
the base of the tail 48 hr prior to vaccination. The shaved skin was pretreated by 
hydration with 10% glycerol and 70% isopropyl alcohol. The hydrated skin was then 
mildly abraded with emery paper 10 times. Gauze patches were affixed to an 
adhesive backing and loaded with 25 pi of the following mixtures: 25 pg CS3 or 25 pg 
CS3 with or without 10 pg LTR192G. The patches were applied overnight (-18 hr). All 
mice received three transcutaneous vaccinations on day 0, 14 and 28. Serum 
samples were collected 30 days after the third vaccination (day 58). Panels show total 
serum IgG titers to CS3 (A), serum IgGI subclass to CS3 (B), and serum lgG2a 
subclass to CS3 (C). 

Figure 9. Serum IgG subclasses elicited by TCI with CS6 with and without and 
LTR192G. Mice were shaved on the dorsal caudal surface at the base of the tail 48 hr 
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prior to vaccination. The shaved skin was pretreated by hydration with 10% glycerol 
and 70% isopropyl alcohol. The hydrated skin was then mildly abraded with emery 
paper 10 times. Gauze patches were affixed to an adhesive backing and loaded with 
25 pi of the following mixtures: 25 pg CS6 or 25 pg CS3 with or without 10 pg 
5 LTR192G. The patches were applied overnight (-18 hr). All mice received three 

transcutaneous vaccinations on day 0, 14 .and 28. Serum samples were collected 30 
days after the third vaccination (day 58). Panelsshow total serum IgG titers to CS6 
(A), serum IgGI subclass to CS6 (B), and serum lgG2a subclass to CS6 (C). 

Figure 10. Serum IgG subclasses elicited by TCI with LTR192G. Mice were 
io shaved on the dorsal caudal surface at the base of the tail 48 hr prior to vaccination. 
The shaved skin was pretreated by hydration with 10% glycerol and 70% isopropyl 
alcohol. The hydrated skin was then mildly abraded with emery paper 10 times. 

Gauze patches were affixed to an adhesive backing and loaded with 25 pi of 1 0 pg 
LTR192G. The patches were applied overnight (—18 hr). All mice received three 
15 transcutaneous vaccinations on day 0, 14 and 28. Serum samples were collected 30 
days after the third vaccination (day 58). Panels shown total serum IgG titers to 
LTR192G (A), serum IgGI subclass to LTR192G (B), and serum lgG2a subclass to 
LTR192G (C). 

Figure 11. Serum IgG subclasses elicited by LTR192G co-administered with 
20 CS3 or CS6. Mice were shaved on the dorsal caudal surface at the base of the tail 48 
hr prior to vaccination. The shaved skin was pretreated by hydration with 10% glycerol 
and 70% isopropyl alcohol. The hydrated skin was then mildly abraded with emery 
paper 10 times. Gauze patches were affixed to an adhesive backing and loaded with 
25 pi of the following: 25 pg CS3 with 10 pg LTR192G; and 25 pg CS6 with 10 pg 
25 LTR192G. The patches were applied overnight (-18 hr). All mice received three 

transcutaneous vaccinations on day 0, 14 and 28. Serum samples were collected 30 
days after the third vaccination (day 58). Panels show total serum IgG titers to 
LTR192G (A), serum IgGI subclass to LTR192G (B), and serum lgG2a subclass to 
LTR192G (C). 

30 Figure 12. Detection of CS3 specific fecal IgA (upper panels) and IgG (lower 

panels) following TCI. Mice were shaved on the dorsal caudal surface at the base of 
the tail 48 hr prior to vaccination. The shaved skin was pretreated by hydration with 
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10% glycerol and 70% isopropyl alcohol. The hydrated skin was then tape stripped 10 
times. Gauze patches were affixed to an adhesive backing and loaded with 25 pi of 
the following mixtures: phosphate buffered saline (panels A and E); 25 pg CS3 
(panels B and F); and 25 pg CS3 with 10 pg LTR192G (panels C and G). The patches 
were applied overnight (—18 hr). A group of mice was vaccinated by intradermal (ID) 
injection of 25 pg CS3 (panels D and H). All mice received three vaccinations on day 
0, 14 and 28. Fecal samples were collected one week after the third immunization 
(day 35). The samples were processed and evaluated for fecal IgA (panels A-D) and 
IgG (panels E-H) against CS3. 

Figure 13. Detection of CS6 specific fecal IgA (upper panels) and IgG (lower 
panels) following TCI. Mice were shaved on the dorsal caudal surface at the base of 
the tail 48 hr prior to vaccination. The shaved skin was pretreated by hydration with 
10% glycerol and 70% isopropyl alcohol. The hydrated skin was then tape stripped 10 
times. Gauze patches were affixed to an adhesive backing and loaded with 25 pi of 
the following mixtures: phosphate buffered saline (panels A and E); 25 pg CS6 
(panels B and F); and 25 pg CS6 with 10 pg LTR192G (panels C and G). The patches 
were applied overnight (-18 hr). A group of mice was vaccinated by intradermal (ID) 
injection of 25 pg CS6 (panels D and H). All mice received three vaccinations on day 
0, 14 and 28. Fecal samples were collected one week after the third immunization 
(day 35). The samples were processed and evaluated for fecal IgA (panels A-D) and 
IgG (panels E-H) against CS6. 

Figure 14. Detection of LTR192G specific fecal IgA (upper panels) and IgG 
(lower panels) following TCI. Mice were shaved on the dorsal caudal surface at the 
base of the tail 48 hr prior to vaccination. The shaved skin was pretreated by hydration 
with 10% glycerol and 70% isopropyl alcohol. The hydrated skin was then tape 
stripped 10 times. Gauze patches were affixed to an adhesive backing and loaded 
with 25 pi of the following mixtures: phosphate buffered saline (panels A and E); 10 pg 
LTR192G (panels B and F); and 25 pg CS3 with 10 pg LTR192G (panels C and G); 
and 25 pg CS6 and 10 pg LTR192G (panel D and H). The patches were applied 
overnight (-18 hr). All mice received three vaccinations on day 0, 14 and 28. Fecal 
samples were collected one week after the third immunization (day 35). The samples 
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were processed and evaluated for fecal IgA (panels A-D) and IgG (panels E-H) 
against LTR192G. 

Figure 15. Detection of CS3, CS6 and LTR192G specific antibody secreting 
cells (ASC) in the spleen of mice transcutaneously vaccinated with monovalent and 
5 divalent ETEC subunit vaccines. Mice were shaved on the dorsal caudal surface at 
the base of the tail 48 hr prior to vaccination. The shaved skin was pretreated by 
hydration with 10% glycerol and 70% isopropyl alcohol. The hydrated skin was then 
tape stripped 10 times. Gauze patches were affixed to an adhesive backing and 
loaded with 25 pi of the following mixtures: phosphate buffered saline (vehicle); 25 pg 
10 CS3; 25 pg CS6; 25 pg CS3 with 10 pg LTR192G; and 25 pg CS6 with 10 pg 

LTR192G. The patches were applied overnight (~18 hr). In addition, groups of mice 
were vaccinated by intradermal (ID) injection at the base of the tail with 25 pg of CS3 
or CS6. All mice were vaccinated three times on day 0, 14 and 28. The spleen was 
harvested 30 days after the third immunization (day 58). Panels show CS3-specific 
15 IgA-ASC (A) and IgG-ASC (B); CS6-specific IgA-ASC (C) and IgG-ASC (D), and 
LTR1 92G-specific IgA-ASC (A and C) and IgG-ASC (B and D). 

Figure 16. Detection of CS3, CS6 and LTR192G specific antibody secreting 
cells (ASC) in the spleen of mice transcutaneously vaccinated with trivalent ETEC 
subunit vaccine. Mice were shaved on the dorsal caudal surface at the base of the tail 
20 48 hr prior to vaccination. The shaved skin was pretreated by hydration with 10% 

glycerol and 70% isopropyl alcohol. The hydrated skin was then tape stripped 10 
times. Gauze patches were affixed to an adhesive backing and loaded with 25 pi of a 
mixture of the following formulation: 25 pg CS3/25 pg CS6/10 pg LTR192G. The 
patches were applied overnight (~18 hr). Mice were vaccinated three times on day 0, 
25 14 and 28. The spleen was harvested 30 days after the third immunization (day 58). 

Panels show IgA-ASC specific for CS3, CS6 and LTR192G (A) and IgG-ASC specific 
for CS3, CS6 and LTR192G (B). 

Figure 17. Detection of CS3, CS6 and LTR192G specific antibody secreting 
cells (ASC) in the inguinal lymph nodes of mice transcutaneously vaccinated with 
30 monovalent and divalent ETEC subunit vaccines. Mice were shaved on the dorsal 
caudal surface at the base of the tail 48 hr prior to vaccination. The shaved skin was 
pretreated by hydration with 10% glycerol and 70% isopropyl alcohol. The hydrated 
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skin was then tape stripped 10 times. Gauze patches were affixed to an adhesive 
backing and loaded with 25 pi of the following mixtures: phosphate buffered saline 
(vehicle); 25 pg CS3; 25 pg CS6; 25 pg CS3 with 10 pg LTR192G; and 25 pg CS6 
with 10 pg LTR192G. The patches were applied overnight (-18 hr). In addition, 

5 separate groups of mice were vaccinated by intradermal (ID) injection at the base of 
the tail with 25 pg of CS3 or CS6. All mice were vaccinated three times on day 0, 14 
and 28. Inguinal lymph nodes were collected 30 days after the third immunization (day 
58). Panels show CS3-specific IgG-ASC (A), CS6-specific IgG-ASC (B), and 
LTR192G-specific IgG-ASC (A and B). 

io Figure 18. Detection of CS3, CS6 and LTR192G specific antibody secreting 

cells (IgG-ASC) in the inguinal lymph nodes of mice transcutaneously vaccinated with 
trivalent ETEC subunit vaccine. Mice were shaved on the dorsal caudal surface at the 
base of the tail 48 hr prior to vaccination. The shaved skin was pretreated by hydration 
with 10% glycerol and 70% isopropyl alcohol. The hydrated skin was then tape 
15 stripped 10 times. Gauze patches were affixed to an adhesive backing and loaded 
with 25 pi of a mixture consisting of 25 pg CS3, 25 pg CS6 and 10 pg LTR192G. The 
patches were applied overnight (-18 hr). All mice were vaccinated three times on day 
0, 14 and 28. Inguinal lymph nodes were collected 30 days after the third 
immunization (day 58). 

20 Figure 19. Serum IgG response to TCI with CFA/I with, and without LTR192G 

adjuvant. Mice were shaved on the dorsal caudal surface at the base of the tail 48 hr 
prior to vaccination. The shaved skin was pretreated by hydration with 10% glycerol 
and 70% isopropyl alcohol and mildly abraded with emery paper 5 times to disrupt the 
stratum corneum. Gauze patches were affixed to an adhesive backing and loaded 
25 with a 25 pi volume of 25 pg CFA/I and 25 pg CFA/I with 10 pg LTR192G. The 

patches were applied to the prepared skin and allowed to remain in place for -18 hr. 
Separate groups of mice was intradermally injected with a 25 pi of CFA/I (25 pg) at 
the base of the tail. All mice received a vaccination on day 0 and 14. Serum samples 
were collected 10 days after the second vaccination (day 24). Panels show serum IgG 
30 titer to CFA/I (A) and serum IgG titer to LTR192G (B). 

Figure 20. Detection of CFA/I specific fecal IgA (upper panels) and IgG (lower 
panels) following TCI. Mice were shaved on the dorsal caudal surface at the base of 
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the tail 48 hr prior to vaccination. The shaved skin was pretreated by hydration with 
10% glycerol and 70% isopropyl alcohol. The hydrated skin was then mildly abraded 
with emery paper 5 times. Gauze patches were affixed to an adhesive backing and 
loaded with 25 pi of the following mixtures: phosphate buffered saline (panels A and 
5 E); 25 pg CFA/I (panels B and F); and 25 pg CFA/I with 10 pg LTR192G (panels C 

and G). The patches were applied overnight (-18 hr). A group of mice was vaccinated 
by intradermal (ID) injection of 25 pg CFA/I (panels D and H). All mice received three 
vaccinations on day 0, 14 and 28. Fecal samples were collected two week after the 
third immunization (day 42). The samples were processed and evaluated for fecal IgA 
io (panels A-D) and IgG (panels E-H) against CFA/I. 

Figure 21 . Serum IgG response to TCI with a tetravalent ETEC subunit 
vaccine. Mice were shaved on the dorsal caudal surface at the base of the tail 48 hr 
prior to vaccination. The shaved skin was pretreated by hydration with 10% glycerol 
and 70% isopropyl alcohol. The hydrated skin was mildly abraded with emery paper 5 
15 times. Gauze patches, affixed to an adhesive backing were loaded with a mixture 
consisting of 25 pg CFA/I, 25 pg CS3, 25 pg CS6 and 10 pg LTR192G. The patches 
were applied to the prepared skin and allowed to remain in place for -1 8 hr. All mice 
received a transcutaneous vaccination on day 0 and 14. Serum was collected 10 days 
after the second immunization (day 24). 

20 Figure 22. Detection of fecal IgA (upper panels) and IgG (lower panels) 

antibodies to colonization factor antigens following TCI with the tetravalent ETEC 
vaccine. Mice were shaved on the dorsal caudal surface at the base of the tail 48 hr 
prior to vaccination. The shaved skin was pretreated by hydration with 10% glycerol 
and 70% isopropyl alcohol. The hydrated skin was then mildly abraded with emery 
25 paper. Gauze patches were affixed to an adhesive backing and loaded with the 
tetravalent vaccine: 25 pg CFA/I, 25 pg CS, 25 pg CS6 and 10 pg LTR192G. The 
patches were applied overnight (-18 hr). All mice received three vaccinations on day 
0, 14 and 28. Fecal samples were collected two weeks after the third immunization 
(day 42). The samples were processed and evaluated for fecal IgA to CFA/I (A), CS3 
30 (B), and CS6 (C). Processed samples were also evaluated for fecal IgG to CFA/I (D), 

CS3 (E), and CS6 (F). 
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Figure 23. Detection of fecal IgA (upper panels) and IgG (lower panels) 
antibodies to LTR192G following TCI with the tetravalent ETEC vaccine. Mice were 
shaved on the dorsal caudal surface at the base of the tail 48 hr prior to vaccination. 
The shaved skin was pretreated by hydration and abrasion as described in Figure 18. 
Gauze patches were affixed to an adhesive backing and loaded with the following: 10 
Mg LTR192G (mLT); 25 pg CFA/I and LTR192G; or 25 pg CFA/I, 25 pg CS, 25 pg 
CS6 and 10 pg LTR192G. The patches were applied overnight (-18 hr). All mice 
received three vaccinations on day 0, 14 and 28. Fecal samples were collected one 
week after the third immunization (day 35). Samples were processed and evaluated 
for fecal IgA to LTR192G (panels A-C) and for fecal IgG to LTR192G (panels D-F). 

Figure 24. Transcutaneous vaccination with CS3 and LTR192G subunit 
vaccines elicit serum antibodies that recognize CS3 expressing ETEC whole cells. 
Mice were shaved at the base of the tail by standard procedures. The shaved skin 
was tape stripped 10 times immediately prior to application of the patch. A gauze 
patch affixed to an adhesive backing was loaded with 25 pg CS3 and 10 pg LTR192G 
immediately prior to application. The patch was applied for —18 hr. A group of 10 mice 
received two patches on day 0 and day 14. Serum was collected 10 days after the 
second immunization (day 24). The serum was evaluated for antibodies to CS3, 
LTR192G and ETEC whole cells (E243778). 

Figure 25. Transcutaneous vaccination with killed enterotoxigenic E. coli whole 
cells (EWC). EWC were prepared by culturing ETEC (strain E243778) in bacterial 
broth. The cells were harvested by centrifugation and inactivated by overnight (room 
temperature) fixation with 2.5% formalin. The inactivated, killed whole cells were 
washed with phosphate buffered saline to remove the formalin. Prior to immunization, 
the mice were shaved at the base of the tail. The shaved skin was tape stripped 10 
times immediately prior to application of the patch. The gauze patch on an adhesive 
backing was loaded with 10 9 EWC's and 10 pg LTR192G. A group of 10 mice received 
were transcutaneously vaccinated on day 0 and 14. Serum was collected 10 days 
after the second immunization. Sera were evaluated for antibodies to EWC and 
LTR192G using the ELISA method as described in Materials and Methods. The 
results in Figure 22 show that transcutaneous vaccination with killed bacterial whole 
cells did elicit antibodies that recognized whole cells and LTR192G adjuvant. These 
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results demonstrate that killed ETEC bacteria can be applied to skin with the 
adjuavant and elicit specific immunity. These results are significant in that this is the 
first demonstration that TCI is applicable for subunit vaccines and for delivery of killed 
whole cell vaccines. 

5 Figure 26. Transcutaneous vaccination with a multivalent ETEC vaccine 

consisting of multiple colonization factors and two enterotoxins, LT and ST. Mice were 
shaved on the dorsal caudal surface at the base of the tail 48 hr prior to vaccination. 
The shaved skin was pretreated by hydration with 10% glycerol and 70% isopropyl 
alcohol and tape stripped 10 times to disrupt the stratum comeum. Gauze patches 
10 were affixed to an adhesive backing and loaded with a 25 pi volume of25 pg CS3/25 
pg CS6; 25 pg CS3/25 pg CS6/10 pg LTR192G and 25 pg CS3/25 pg CS6/10 pg 
LTR192G/8 pg STa. The patches were applied to the prepared skin and allowed to 
remain in place for ~18 hr. All mice received a vaccination on day 0, 14 and 28. Serum 
samples were collected 14 days after the second vaccination (day 42). Panels show 
15 serum IgG titer to CS3 (A) and serum IgG titer to CS6 (B). 

Figure 27. Wet and dry patch formulations are suitable for manufacturing 
articles for TCI. In these studies LT was used as an example for preparing different 
liquid and patch formulations. Briefly, LT was formulated in phosphate buffered saline 
and 5% lactose; LT was blended with an adhesive (Klucel) and spread as a thin film 
20 over an occlusive backing and allowed to air-dry at room temperature; LT solution was 
directly applied to a gauze patch surface and air-dried prior to use; and LT solution 
was applied to a gauze patch and administered as a fully hydrated patch. For mice 
receiving the liquid LT formulation, 10 pg LT was applied directly to the skin for 1 hr 
(with or without covering with gauze) and rinsed off. For mice receiving patches, the 
25 different patch formulations were applied for ~24 hr before removal. The skin was 
hydrated with 10% glycerol and 70% isopropyl alcohol followed by mildly disrupting 
the stratum comeum with a pumice-containing swab (PDI/NicePak). All mice received 
two vaccinations on day 0 and day 14 with an equivalent of 10 pg (~ 1 cm area). 
Serum was collected two weeks later (day 28) and evaluated for serum antibodies to 
30 LT. Aqueous solutions, protein-in-adhesive, air-dried and fully hydrated patch 
formulations are suitable for transcutaneous delivery of ETEC antigens. 
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DESCRIPTION OF SPECIFIC EMBODIMENTS OF THE INVENTION 
A system for transcutaneous immunization (TCI) is provided which induces an 
immune response ( e.g ., humoral and/or cellular effector specific for an antigen) in an 
animal or human. The delivery system provides simple, epicutaneous application of a 
5 formulation comprised of one or more adjuvants, antigens, and/or polynucleotides 
(encoding adjuvant and/or antigen) to the skin of an animal or human subject. An 
antigen-specific immune response is thereby elicited against one or more pathogens 
like enterotoxigenic E. coli (ETEC) with or without the aid of chemical and/or physical 
penetration enhancement. At least one ingredient or component of the formulation 
10 (/.e„ antigen or adjuvant) may be provided in dry form prior to administration of the 

formulation and/or as part of a patch. This system may also be used in conjunction 
with conventional enteral, mucosal, or parenteral immunization techniques. 

Activation of one or more of adjuvant, antigen, and antigen presenting cell 
(APC) may assist in the promoting the immune response. The APC processes the 
15 antigen and then presents one or more epitopes to a lymphocyte. Activation may 
promote contact between the formulation and the APC (e.g., Langerhans cells, other 
dendritic cells, macrophages, B lymphocytes), uptake of the formulation by the APC, 
processing of antigen and/or presentation of epitopes by the APC, migration and/or 
differentiation of the APC, interaction between the APC and the lymphocyte, or 
20 combinations thereof. The adjuvant by itself may activate the APC. For example, a 
chemokine may recruit and/or activate antigen presenting cells to a site. In particular, 
the antigen presenting cell may migrate from the skin to the lymph nodes, and then 
present antigen to a lymphocyte, thereby inducing an antigen-specific immune 
response. Furthermore, the formulation may directly contact a lymphocyte which 
25 recognizes antigen, thereby inducing an antigen-specific immune response. 

In addition to eliciting immune reactions leading to activation and/or expansion 
of antigen-specific B-cell and/or T-cell populations, including antibodies and cytotoxic 
T lymphocytes (CTL), the invention may positively and/or negatively regulate one or 
more components of the immune system by using transcutaneous immunization to 
30 affect antigen-specific helper (Thl and/or Th2) or delayed-type hypersensitivity T-cell 
subsets (Toth). This can be exemplified by the differential behavior of cholera toxin 
and E. coli heat-labile enterotoxin which can result in different T-helper responses. 
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The desired immune response induced by the invention is preferably systemic or 
regional (e.g., mucosal) but is usually not undesirable immune responses (e.g., atopy, 
dermatitis, eczema, psoriasis, or other allergic or hypersensitivity reactions). As seen 
herein, the immune responses elicited are of the quantity and quality that provide 
5 therapeutic or prophylactic immune responses useful treatment of infectious disease. 

TCI may be practiced with or without skin penetration. For example, chemical 
or physical penetration enhancement techniques may be used as long as the skin is 
not perforated through the dermal layer. Hydration of the intact or skin before, during, 
or immediately after application of the formulation is preferred and may be required in 
io some or many instances. For example, hydration may increase the water content of 
the topmost layer of skin (e.g., stratum corneum or superficial epidermis layer 
exposed by penetration enhancement techniques) above 25%, 50% or 75%. 

Skin may be swabbed with an applicator (e.g., adsorbent material on a pad or 
stick) containing hydration or chemical penetration agents or they may be applied 
is directly to skin. For example, aqueous solutions (e.g., water, saline, other buffers), 
acetone, alcohols (e.g., isopropyl alcohol), detergents (e.g., sodium dodecyl sulfate), 
depilatory or keratinolytic agents (e.g., calcium hydroxide, salicylic acid, ureas), 
humectants (e.g., glycerol, other glycols), polymers (e.g., polyethylene or propylene 
glycol, polyvinyl pyrrolidone), or combinations thereof may be used or incorporated in 
20 the formulation. Similarly, abrading the skin (e.g., abrasives like an emery board or 
paper, sand paper, fibrous pad, pumice), removing a superficial layer of skin (e.g., 
peeling or stripping with an adhesive tape), microporating the skin using an energy 
source (e.g., heat, light, sound, electrical, magnetic) or a barrier disruption device 
(e.g., gun, microneedle), or combinations thereof may act as a physical penetration 
25 enhancer. See W098/29134 for microporation of skin and U.S. Patents 6,090,790 for 
microneedles and 6,168,587 for transdermal guns which might be adapted for use in 
transcutaneous vaccination. The objective of chemical or physical penetration 
enhancement in conjunction with TCI is to remove at least the stratum corneum or 
deeper epidermal layer without perforating the skin through to the dermal layer. This is 
30 preferably accomplished with minor discomfort at most to the human or animal subject 
and without bleeding at the site. For example, applying the formulation to intact skin 
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may not involve thermal, optical, sonic, or electromagnetic energy to perforate layers 
of the skin below the stratum corneum or epidermis. 

Formulations which are useful for vaccination are also provided as well as 
processes for their manufacture. The formulation may be in dry or liquid form. A dry 
5 formulation is more easily stored and transported than conventional vaccines, it 
breaks the cold chain required from the vaccine’s place of manufacture to the locale 
where vaccination occurs. Without being limited to any particular mode of action, 
another way in which a dry formulation may be an improvement over liquid 
formulations is that high concentrations of a dry active component of the formulation 
10 (e.g., one or more adjuvants and/or antigens) may be achieved by solubilization 

directly at the site of immunization over a short time span. Moisture from the skin (e.g., 
perspiration) and an occlusive dressing may hasten this process. In this way, it is 
possible that a concentration approaching the solubility limit of the active ingredient 
may be achieved in situ. Alternatively, the dry, active ingredient of the formulation per 
15 se may be an improvement by providing a solid particulate form that is taken up and 
processed by antigen presenting cells. These possible mechanisms are discussed not 
to limit the scope of the invention or its equivalents, but to provide insight into the 
operation of the invention and to guide the use of this formulation in immunization and 
vaccination. 

20 The formulation may be provided as a liquid: cream, emulsion, gel, lotion, 

ointment, paste, solution, suspension, or other liquid forms. Dry formulations may be 
provided in various forms: for example, fine or granulated powders, uniform films, 
pellets, and tablets. The formulation may be dissolved and then dried in a container or 
on a flat surface (e.g., skin), or it may simply be dusted on the flat surface. It may be 
25 air dried, dried with elevated temperature, freeze or spray dried, coated or sprayed on 
a solid substrate and then dried, dusted on a solid substrate, quickly frozen and then 
slowly dried under vacuum, or combinations thereof. If different molecules are active 
ingredients of the formulation, they may be mixed in solution and then dried, or mixed 
in dry form only. Compartments or chambers of the patch may be used to separate 
30 active ingredients so that only one of the antigens or adjuvants is kept in dry form prior 
to administration; separating liquid and solid in this manner allows control over the 
time and rate of the dissolving of at least one dry, active ingredient. 
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A "patch” refers to a product which includes a solid substrate (e.g., occlusive or 
non-occlusive surgical dressing) as well as at least one active ingredient. Liquid may 
be incorporated in a patch (/.e., a wet patch). One or more active components of the 
formulation may be applied on the substrate, incorporated in the substrate or adhesive 
5 of the patch, or combinations thereof. A dry patch may or may not use a liquid 
reservoir to solubilize the formulation. 

Formulation in liquid or solid form may be applied with one or more adjuvants 
and/or antigens both at the same or separate sites or simultaneously or in frequent, 
repeated applications. The patch may include a controlled-release reservoir or a rate- 
io controlling matrix or membrane may be used which allows stepped release of 

adjuvant and/or antigen. It may contain a single reservoir with adjuvant and/or antigen, 
or multiple reservoirs to separate individual antigens and adjuvants. The patch may 
include additional antigens such that application of the patch induces an immune 
response to multiple antigens. In such a case, antigens may or may not be derived 
15 from the same source, but they will have different chemical structures so as to induce 
an immune response specific for different antigens. Multiple patches may be applied 
simultaneously; a single patch may contain multiple reservoirs. For effective 
treatment, multiple patches may be applied at intervals or constantly over a period of 
time; they may be applied at different times, for overlapping periods, or 

, l 

20 simultaneously. At least one adjuvant and/or adjuvant may be maintained in dry form 
prior to administration. Subsequent release of liquid from a reservoir or entry of liquid 
into a reservoir containing the dry ingredient of the formulation will at least partially 
dissolve that ingredient. 

Solids (e.g., particles of nanometer or micrometer dimensions) may also be 
25 incorporated in the formulation. Solid forms (e.g., nanoparticles or microparticles) may 
aid in dispersion or solubilization of active ingredients; assist in carrying the 
formulation through superficial layers of the skin; provide a point of attachment for 
adjuvant, antigen, or both to a substrate that can be opsonized by antigen presenting 
cells, or combinations thereof. Prolonged release of the formulation from a porous 
30 solid formed as a sheet, rod, or bead acts as a depot. 

The formulation may be manufactured under aseptic conditions acceptable to 
appropriate regulatory agencies (e.g., Food and Drug Administration) for biologicals 
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and vaccines. Optionally, components such as dessicants, excipients, stabilizers, 
humectants, preservatives, adhesives, patch materials, or combinations thereof may 
be included in the formulation even though they are immunologically inactive. They 
may, however, have other desirable properties or characteristics. 

A single or unit dose of formulation suitable for administration is provided. The 
amount of adjuvant or antigen in the unit dose may be anywhere in a broad range 
from about 0.001 pg to about 10 mg. This range may be from about 0.1 pg to about 1 
mg; a narrower range is from about 5 pg to about 500 pg. Other suitable ranges are 
between about 1 pg and about 10 pg, between about 10 pg and about 50 pg, between 
about 50 pg and about 200 pg, and between about 1 mg and about 5 mg. A preferred 
dose for a toxin is about 50 pg or 100 pg or less (e.g., from about 1 pg to about 50 pg 
or 100 pg). The ratio between antigen and adjuvant may be about 1:1 (e.g., E. coli 
heat-labile enterotoxin when it is both antigen and adjuvant) but higher ratios may be 
suitable for poor antigens (e.g., about 1 : 10 or less), or lower ratios of antigen to 
adjuvant may also be used (e.g., about 10:1 or more). The native ratios between LT 
and ETEC antigens may be used for whole-cell or lysate formulations. 

A formulation comprising adjuvant and antigen or polynucleotide may be 
applied to skin of a human or animal subject, antigen is presented to immune cells, 
and an antigen-specific immune response is induced. This may occur before, during, 
or after infection by pathogen. Only antigen or polynucleotide encoding antigen may 
be required, but no additional adjuvant, if the immunogenicity of the formulation is 
sufficient to not require adjuvant activity. The formulation may include an additional 
antigen such that application of the formulation induces an immune response against 
multiple antigens ( i.e ., multivalent). In such a case, antigens may or may not be 
derived from the same source, but the antigens will have different chemical structures 
so as to induce immune responses specific for the different antigens. Antigen-specific 
lymphocytes may participate in the immune response and, in the case of participation 
by B lymphocytes, antigen-specific antibodies may be part of the immune response. 
The formulations described above may include dessicants, excipients, humectants, 
stabilizers, preservatives, adhesives, and patch materials known in the art. 

The invention is used to treat a subject (e.g., a human or animal in need of 
treatment such as prevention of disease, protection from effects of infection, therapy 
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of existing disease or symptoms, or combinations thereof). When the antigen is 
derived from a pathogen, the treatment may vaccinate the subject against infection by 
the pathogen or against its pathogenic effects such as those caused by toxin 
secretion. The invention may be used therapeutically to treat existing disease, 

5 protectively to prevent disease, to reduce the severity and/or duration of disease, to 
ameliorate symptoms of disease, or combinations thereof. 

The application site may be protected with anti-inflammatory corticosteroids 
such as hydrocortisone, triamcinolone and mometazone or non-steroidal anti- 
inflammatory drugs (NSAID) to reduce possible local skin reaction or modulate the 
io type of immune response. Similarly, anti-inflammatory steroids or NSAID may be 
included in the patch material, or liquid or solid formulations; and corticosteroids or 
NSAID may be applied after immunization. IL-10, TNF-a, other immunomodulators 
may be used instead of the anti-inflammatory agents. Moreover, the formulation may 
be applied to skin overlying more than one draining lymph node field using either 
15 single or multiple applications. The formulation may include additional antigens such 
that application induces an immune response to multiple antigens. In such a case, the 
antigens may or may not be derived from the same source, but the antigens will have 
different chemical structures so as to induce an immune response specific for the 
different antigens. Multi-chambered patches could allow more effective delivery of 
20 multivalent vaccines as each chamber covers different antigen presenting cells. Thus, 
antigen presenting cells would encounter only one antigen (with or without adjuvant) 
and thus would eliminate antigenic competition and thereby enhancing the response 
to each individual antigen in the multivalent vaccine. 

The formulation may be epicutaneously applied to skin to prime or boost the 
25 immune response in conjunction with penetration techniques or other routes of 
immunization. Priming by transcutaneous immunization (TCI) with either single or 
multiple applications may be followed with enteral, mucosal, parenteral, and/or 
transdermal techniques for boosting immunization with the same or altered antigens. 
Priming by enteral, mucosal, parenteral, and/or transdermal immunization with either 
30 single or multiple applications may be followed with transcutaneous techniques for 
boosting immunization with the same or altered antigens. It should be noted that TCI 
is distinguished from conventional topical techniques like mucosal or transdermal 
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immunization because the former requires a mucous membrane (e.g., lung, mouth, 
nose, rectum) not found in the skin and the latter requires perforation of the skin 
through the dermis. The formulation may include additional antigens such that 
application to skin induces an immune response to multiple antigens. 

In addition to antigen and adjuvant, the formulation may comprise a vehicle. 
For example, the formulation may comprise an AQUAPHOR, Freund, Ribi, or Syntex 
emulsion; water-in-oil emulsions (e.g., aqueous creams, ISA-720), oil-in-water 
emulsions (e.g., oily creams, ISA-51, MF59), microemulsions, anhydrous lipids and 
oil-in-water emulsions, other types of emulsions; gels, fats, waxes, oil, silicones, and 
humectants (e.g., glycerol). 

Antigen may be derived from any pathogen that infects a human or animal 
subject (e.g., bacterium, virus, fungus, or protozoan). The chemical structure of the 
antigen may be described as one or more of carbohydrate, fatty acid, and protein 
(e.g., glycolipid, glycoprotein, lipoprotein). Proteinaceous antigen is preferred. The 
molecular weight of the antigen may be greater than 500 daltons, 800 daltons, 1000 
daltons, 10 kilodaltons, 100 kilodaltons, or 1000 kilodaltons. Chemical or physical 
penetration enhancement may be preferred for macromolecular structures like cells, 
viral particles, and molecules of greater than one megadalton (e.g., CS6 antigen), but 
techniques like hydration and swabbing with a solvent may be sufficient to induce 
immunization across the skin. Antigen may be obtained by recombinant techniques, 
chemical synthesis, or at least partial purification from a natural source. It may be a 
chemical or recombinant conjugates: for example, linkage between chemically 
reactive groups or protein fusion. Antigen may be provided as a live cell or virus, an 
> attenuated live cell or virus, a killed cell, or an inactivated virus. Alternatively, antigen 
may be at least partially purified in cell-free form (e.g., cell or viral lysate, membrane 
or other subcellular fraction). Because most adjuvants would also have immunogenic 
activity and would be considered antigens, adjuvants would also be expected to have 
the aforementioned properties and characteristics of antigens. 

The choice of adjuvant may allow potentiation or modulation of the immune 
response. Moreover, selection of a suitable adjuvant may result in the preferential 
induction of a humoral or cellular immune response, specific antibody isotypes (e.g., 
IgM, IgD, IgAI, lgA2, IgE, IgGI, lgG2, lgG3, and/or lgG4), and/or specific T-cell 
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subsets (e.g., CTL, Thl , Th2 and/or T D th)- The adjuvant is preferably a chemically 
activated (e.g., proteolytically digested) or genetically activated (e.g., fusions, deletion 
or point mutants) ADP-ribosylating exotoxin or B subunit thereof. Adjuvant, antigen, or 
both may optionally be provided in the formulation with a polynucleotide (e.g., DNA, 

5 RNA, cDNA, cRNA) encoding the adjuvant or antigen as appropriate. Covalently 
closed, circular DNA such as plasmids are preferred forms of the polynucleotide; 
however, linear forms may also be used. The polynucleotide may include a region 
such as an origin of replication, centromere, telomere, promoter, enhancer, silencer, 
transcriptional initiation or termination signal, splice acceptor or donor site, ribosome 
io binding site, translational initiation or termination signal, polyadenylation signal, 
cellular localization signal, protease cleavage site, polylinker site, or combinations 
thereof as are found in expression vectors. 

An “antigen” is an active component of the formulation which is specifically 
recognized by the immune system of a human or animal subject after immunization or 
15 vaccination. The antigen may comprise a single or multiple immunogenic epitopes 
recognized by a B-cell receptor (i.e., secreted or membrane-bound antibody) or a T- 
cell receptor. Proteinaceous epitopes recognized by T-cell receptors have typical 
lengths and conserved amino acid residues depending on whether they are bound by 
major histocompatibility complex (MHC) Class I or Class II molecules on the antigen 
20 presenting cell. In contrast, proteinaceous epitopes recognized antibody may be of 
variable length including short, extended oligopeptides and longer, folded 
polypeptides. Single amino acid differences between epitopes may be distinguished. 
The antigen is capable of inducing an immune response against a molecule of a 
pathogen (e.g., a CS6 antigen is capable of inducing a specific immune response 
25 against the CS6 molecule of ETEC). Thus, antigen is usually identical or at least 
derived from the chemical structure of a specific molecule of the pathogen, but 
mimetics which are only distantly related to such chemical structures may also be 
successfully used. 

An “adjuvant” is an active component of the formulation to assist in inducing an 
30 immune response to the antigen. Adjuvant activity is the ability to increase the 
immune response to a heterologous antigen (i.e., antigen which is a separate 
chemical structure from the adjuvant) by inclusion of the adjuvant itself in a 
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formulation or in combination with other components of the formulation or particular 
immunization techniques. As noted above, a molecule may contain both antigen and 
adjuvant activities by chemically conjugating antigen and adjuvant or genetically 
fusing coding regions of antigen and adjuvant; thus, the formulation may contain only 
one ingredient or component. 

The term “effective amount” is meant to describe that amount of adjuvant or 
antigen which induces an antigen-specific immune response. A "subunit" immunogen 
or vaccine is a formulation comprised of active components ( e.g ., adjuvant, antigen) 
which have been isolated from other cellular or viral components of the pathogen 
(e.g., membrane or polysaccharide components like endotoxin) by recombinant 
techniques, chemical synthesis, or at least partial purification from a natural source. 

Induction of an immune response may provide a treatment such as, for 
example, prophylactic or therapeutic vaccination for an infectious disease. A product 
or method “induces” when its presence or absence causes a statistically significant 
change in the immune response’s magnitude and/or kinetics; change in the induced 
elements of the immune system (e.g., humoral vs. cellular, Thl vs. Th2); effect on the 
health and well-being of the subject; or combinations thereof. 

The term “draining lymph node field" as used in the invention means an 
anatomic area over which the lymph collected is filtered through a set of defined 
lymph nodes (e.g., cervical, axillary, inguinal, epitrochelear, popliteal, those of the 
abdomen and thorax). Thus, the same draining lymph node field may be targeted by 
immunization (e.g., enteral, mucosal, parenteral, transcutaneous, transdermal) within 
the few days required for antigen presenting cells to migrate to the lymph nodes if the 
sites and times of immunization are spaced to bring different components of the 
formulation together (e.g., two closely spaced patches with either adjuvant or antigen 
may be effective when neither alone could successfully used). For example, a patch 
delivering adjuvant by the transcutaneous technique may be placed on the same arm 
as is injected with a conventional vaccine to boost its effectiveness in elderly, 
pediatric, or other immunologically compromised populations. In contrast, applying 
patches to different limbs may prevent an adjuvant-containing patch from boosting the 
effectiveness of a patch containing only antigen. 
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Without being bound to any particular theory for the operation of the invention 
but only to provide an explanation for our observations, we hypothesize that this 
transcutaneous delivery system carries antigen to cells of the immune system where 
an immune response is induced. The antigen may pass through the normally present 
5 protective outer layers of the skin (/.©., stratum corneum) and induce the immune 
response directly, or through an antigen presenting cell population in the epidermis 
(e.g., macrophage, tissue macrophage, Langerhans cell, other dendritic cells, B 
lymphocyte, or Kupffer cell) that presents processed antigen to lymphocytes. Thus, 
with or without penetration enhancement techniques, the dermis is not penetrated as 
io in subcutaneous injection or transdermal techniques. Optionally, the antigen may pass 
through the stratum corneum via a hair follicle or a skin organelle (e.g., sweat gland, 
oil gland). 

Transcutaneous immunization with bacterial ADP-ribosylating exotoxins 
(bARE) as an example, may target the epidermal Langerhans cell, known to be 
15 among the most efficient of the antigen presenting cells (APC). Maturation of APC 
may be assessed by morphology and phenotype (e.g., expression of MHC Class II 
molecules, CD83, or co-stimulatory molecules). We have found that bARE appear to 
activate Langerhans cells when applied epicutaneously to intact skin. Adjuvants such 
as trypsin-cleaved bARE may enhance Langerhans cell activation. Langerhans cells 
20 direct specific immune responses through phagocytosis of the antigens, and migration 
to the lymph nodes where they act as APC to present the antigen to lymphocytes, and 
thereby induce a potent antibody response. Although the skin is generally considered 
a barrier to pathogens, the imperfection of this barrier is attested to by the numerous 
Langerhans cells distributed throughout the epidermis that are designed to orchestrate 
25 the immune response against organisms invading through the skin. According to Udey 

(Clin Exp Immunol, 107:s6-s8, 1997): 

Langerhans cells are bone-marrow derived cells that are present in 
all mammalian stratified squamous epithelia. They comprise all of the 
accessory cell activity that is present in uninflamed epidermis, and in the 
30 current paradigm are essential for the initiation and propagation of 

immune responses directed against epicutaneously applied antigens. 
Langerhans cells are members of a family of potent accessory cells 
(‘dendritic cells’) that are widely distributed, but infrequently represented, 
in epithelia and solid organs as well as in lymphoid tissue. 
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It is now recognized that Langerhans cells (and presumably other 
dendritic cells) have a life cycle with at least two distinct stages. 
Langerhans cells that are located in epidermis constitute a regular 
network of antigen-trapping 'sentinel* cells. Epidermal Langerhans cells 
can ingest particulates, including microorganisms, and are efficient 
processors of complex antigens. However, they express only low levels 
of MHC class I and II antigens and costimulatory molecules (ICAM-1, 

B7-1 and B7-2) and are poor stimulators of unprimed T cells. After 
contact with antigen, some Langerhans cells become activated, exit the 
epidermis and migrate to T-cell-dependent regions of regional lymph 
nodes where they localize as mature dendritic cells. In the course of 
exiting the epidermis and migrating to lymph nodes, antigen-bearing 
epidermal Langerhans cells (now the 'messengers’) exhibit dramatic 
changes in morphology, surface phenotype and function. In contrast to 
epidermal Langerhans cells, lymphoid dendritic cells are essentially non- 
phagocytic and process protein antigens inefficiently, but express high 
levels of MHC class I and class II antigens and various costimulatory 
molecules and are the most potent stimulators of naive T cells that have 
been identified.” 

The potent antigen presenting capability of Langerhans cells can be exploited 
for transcutaneously-delivered immunogens and vaccines. An immune response using 
the skin's immune system may be achieved by delivering the formulation only to 
Langerhans cells in the stratum corneum (/.e., the outermost layer of the skin 
consisting of cornified cells and lipids) and subsequently activating the Langerhans 
cells to take up antigen, migrate to B-cell follicles and/or T-cell dependent regions, and 
present the antigen to B and/or T lymphocytes. If antigens other that bARE ( e.g ., 
toxin, colonization or virulence factor) are to be phagocytosed by Langerhans cells, 
then these antigens could also be transported to the lymph node for presentation to T 
lymphocytes and subsequently induce an immune response specific for that antigen. 
Thus, a feature of TCI is the activation of the Langerhans cell, presumably by bARE or 
derivatives thereof, chemokines, cytokines, PAMP, or other Langerhans cell activating 
substance including contact sensitizers and adjuvants. Increasing the size of the skin 
population of Langerhans cells or their state of activation would also be expected to 
enhance the immune response (e.g., acetone pretreatment). In aged subjects or 
Langerhans cell-depleted skin (/.e., from UV damage), it may be possible to replenish 
the population of Langerhans cells (e.g., tretinoin pretreatment). 

Adjuvants such as bARE are known to be highly toxic when injected or given 
systemically. But if placed on the surface of intact skin (/.©., epicutaneous), they are 
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unlikely to induce systemic toxicity. Thus, the transcutaneous route may allow the 
advantage of adjuvant effects without systemic toxicity. A similar absence of toxicity 
could be expected if the skin were penetrated only below the stratum comeum (e.g., 
near or at the epidermis), but not through the dermis. Thus, the ability to induce 
5 activation of the immune system through the skin confers the unexpected advantage 
of potent immune responses without systemic toxicity. 

The magnitude of the antibody response induced by affinity maturation and 
isotype switching to predominantly IgG antibodies is generally achieved with T-cell 
help, and activation of both Thl and Th2 pathways is suggested by the production of 
io IgGI and lgG2a. Alternatively, a large antibody response may be induced by a 

thymus-independent antigen type 1 (TI-1) which directly activates the B lymphocyte or 
could have similar activating effects on B lymphocytes such as up-regulation of MHC 
Class II, B7, CD40, CD25, and ICAM-1 molecules. 

The spectrum of commonly known skin immune responses is represented by 
15 atopy and contact dermatitis. Contact dermatitis, a pathogenic manifestation of 
Langerhans cell activation, is directed by Langerhans cells which phagocytose 
antigen, migrate to lymph nodes, present antigen, and sensitize T lymphocytes that 
migrate to the skin and cause the intense destructive cellular response that occurs at 
affected skin sites. Such responses are not generally known to be associated with 
20 antigen-specific IgG antibodies. Atopic dermatitis may utilize the Langerhans cell in a 
similar fashion, but is identified with Th2 cells and is generally associated with high 
levels of IgE antibody. 

On the other hand, transcutaneous immunization with bARE provides a useful 
and desirable immune response. There are usually no findings typical of atopy or 
25 contact dermatitis given the high levels of IgG that are induced. Cholera toxin or E. 

coli heat-labile enterotoxin epicutaneously applied to skin can achieve immunization in 
the absence of lymphocyte infiltration 24, 48 and 120 hours after immunization. The 
minor skin reactivity seen in preclinical trials were easily treated. This indicates that 
Langerhans cells engaged by transcutaneous immunization as they "comprise all of 
30 the accessory cell activity that is present in uninflamed epidermis, and in the current 
paradigm are essential for the initiation and propagation of immune responses 
directed against epicutaneously applied antigens” (Udey, 1997). The uniqueness of 
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the transcutaneous immune response here is also indicated by the both high levels of 
antigen-specific IgG antibody, and the type of antibody produced ( e.g ., IgM, IgGI, 
lgG2a, lgG2b, lgG3 and IgA) and generally the absence of antigen specific IgE 
antibody. Transcutaneous immunization could conceivably occur in tandem with skin 
inflammation if sufficient activation of antigen presenting cells and T lymphocytes were 
to occur in a transcutaneous response coexisting with atopy or contact dermatitis. 

Transcutaneous targeting of Langerhans cells may also be used in tandem with 
agents to deactivate all or part of their antigen presenting function, thereby modifying 
immumzation or preventing sensitization. Techniques to modulate Langerhans 
activation or other skin immune cells include, for example, the use of anti- 
inflammatory steroidal or non-steroidal agents (NSAID); cyclosporin, FK506, 
rapamycin, cyclophosphamide, glucocorticoids, or other immunosuppressants; 
interleukin-10, interleukin-1 monoclonal antibodies (mAB) or soluble receptor 
antagonists (RA); interleukin-1 converting enzyme (ICE) inhibitors; or depletion via 
superantigens such as through Staphylococcal enterotoxin A (SEA) induced 
epidermal Langerhans cell depletion. Similar compounds may be used to modify the 
innate response of Langerhans cells and induce different T-helper responses (Thl or 
Th2) or may modulate skin inflammatory responses to decrease potential side effects 
of the immunization. Similarly, lymphocytes may be immunosuppressed before, during 
or after immunization by administering immunosuppressant separately or by 
coadministration of immunosuppressant with the formulation. For example, it may be 
possible to induce a potent systemic protective immune responses with agents that 
would normally result in allergic or irritant contact hypersensitivity but adding inhibitors 
of ICE may alleviate adverse skin reactions. 

TCI may be accompished through the ganglioside GM1 binding activity of CT, 

LT, or subunits thereof (e.g., CTB or LTB). Ganglioside GM1 is a ubiquitous cell 
membrane glycolipid found in all mammalian cells. When the pentameric CT B subunit 
binds to the cell surface, a hydrophilic pore is formed which allows the A subunit to 
insert across the lipid bilayer. Other binding targets on the APC may be utilized. The 
LT B subunit binds to ganglioside GM1 in addition to other gangliosides and its 

binding activities may account for its the fact that LT is highly immunogenic on the 
skin. 
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TCI with bARE or B subunit-containing fragments or conjugates thereof may 
require their GM1 ganglioside binding activity. When mice were transcutaneously 
immunized with CT, CTA and CTB, CT and CTB were required for induction of an 
immune response. CTA contains the ADP-ribosylating exotoxin activity but only CT 
5 and CTB containing the binding activity are able to induce an immune response 
indicating that the B subunit was necessary and sufficient to immunize through the 
skin. We conclude that the Langerhans cells or other APC may be activated by CTB 
binding to its cell surface resulting in a transcutaneous immune response. 

io ANTIGEN 

A transcutaneous immunization system delivers agents to specialized cells 
(e.g., antigen presentation cell, lymphocyte) that produce an immune response. These 
agents as a class are called antigens. Antigen may be composed of chemical 
structures such as, for example, carbohydrate, glycolipid, glycoprotein, lipid, 

15 lipoprotein, phospholipid, polypeptide, conjugates thereof, or any other material known 
to induce an immune response. Antigen may be provided as a whole organism such 
as, for example, a bacterium or virion; antigen may be obtained from an extract or 
lysate, either from whole cells or membrane alone; or antigen may be chemically 
synthesized or produced by recombinant technology. 

20 Antigen of the invention may be expressed by recombinant technology, 

preferably as a fusion with an affinity or epitope tag; chemical synthesis of an 
oligopeptide, either free or conjugated to carrier proteins, may be used to obtain 
antigen of the invention. Oligopeptides are considered a type of polypeptide. 
Oligopeptide lengths of 6 residues to 20 residues are preferred. Polypeptides may 
25 also by synthesized as branched structures (e.g., U.S. Patents 5.229,490 and 

5,390,11 1). Antigenic polypeptides include, for example, synthetic or recombinant B- 
cell and T-cell epitopes, universal T-cell epitopes, and mixed T-cell epitopes from one 
organism or disease and B-cell epitopes from another. Antigen obtained through 
recombinant technology or peptide synthesis, as well as antigen obtained from natural 
30 sources or extracts, may be purified by the antigen's physical and chemical 

characteristics, preferably by fractionation or chromatography. Recombinants may 
combine B subunits or chimeras of bARE. A multivalent antigen formulation may be 
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used to induce an immune response to more than one antigen at the same time. 
Conjugates may be used to induce an immune response to multiple antigens, to boost 
the immune response, or both. Additionally, toxins may be boosted by the use of 
toxoids, or toxoids boosted by the use of toxins. T ranscutaneous immunization may 
be used to boost responses induced initially by other routes of immunization such as 
by oral, nasal or parenteral routes. Antigen includes, for example, toxins, toxoids, 
subunits thereof, or combinations thereof ( e.g ., cholera toxin, tetanus toxoid); 
additionally, toxins, toxoids, subunits thereof, or combinations thereof may act as both 
antigen and adjuvant. Such oral/transcutaneous or transcutaneous/oral immunization 
may be especially important to enhance mucosal immunity in diseases where mucosal 
immunity correlates with protection. 

Antigen may be solubilized in a buffer or water or organic solvents such as 
alcohol or DMSO, or incorporated in gels, emulsion, microemulsions, and creams. 
Suitable buffers include, but are not limited to, phosphate buffered saline Ca + 7Mg ++ 
free, phosphate buffered saline, normal saline (150 mM NaCI in water), and Hepes or 
Tris buffer. Antigen not soluble in neutral buffer can be solubilized in 10 mM acetic 
acid and then diluted to the desired volume with a neutral buffer such as PBS. In the 
case of antigen soluble only at acid pH, acetate-PBS at acid pH may be used as a 
diluent after solubilization in dilute acetic acid. Glycerol may be a suitable non- 
aqueous buffer for use in the invention. 

A hydrophobic antigen can be solubilized in a detergent or surfactant, for 
example a polypeptide containing a membrane-spanning domain. Furthermore, for 
formulations containing liposomes, an antigen in a detergent solution (e.g., cell 
membrane extract) may be mixed with lipids, and liposomes then may be formed by 
removal of the detergent by dilution, dialysis, or column chromatography. Certain 
antigens (e.g., membrane proteins) need not be soluble perse, but can be inserted 
directly into a lipid membrane (e.g., a virosome), in a suspension of virion alone, or 
suspensions of microspheres or heat-inactivated bacteria which may be taken up by 
activate antigen presenting cells (e.g., opsonization). Antigens may also be mixed with 
a penetration enhancer as described in WO 99/43350. 

Many antigens are known in the art which can be used to vaccinate human or 
animal subjects and induce an immune response specific for particular pathogens, as 
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well as methods of preparing antigen, determining a suitable dose of antigen, 
assaying for induction of an immune response, and treating infection by a pathogen 
(e.g., bacterium, virus, fungus, or protozoan). 

The effect of Escherichia coli infection of mammals is dependent on the 
5 particular strain of organism. Many beneficial E. coli are present in the intestines. 

Since the initial association with diarrheal illness, five categories of diarrheagenic E. 
coli have been identified: enterotoxigenic (ETEC), enteropathogenic (EPEC), 
enterohemorrhagic (EHEC), enteroaggregative (EAggEC), and enteroinvasive (EIEC). 
They are grouped according to characteristic virulence properties, such as elaboration 
io of toxins and colonization factors and/or by specific types of interactions with intestinal 
epithelial cells. ETEC are the most common of the diarrheagenic E. coli and pose the 
greatest risk to travelers. Strains which have been cultured from humans include B7A 
(CS6, LT, STa), H10407 (CFA/I, LT, STa) and E24377A (CS3, CS1 , LT, STa). They 
may be used singly or in combination as whole-cell sources of antigen providing a 
1 5 variety of different toxins and colonization factors. 

There is a need for vaccines which are specific against enterotoxigenic E. coli 
that give rise to antibodies that cross-react with and cross-protect against the more 
common colonization and virulence factors. The CS4-CFA/I family of fimbrial proteins 
are found on some of the more prevalent enterotoxigenic E. coli strains: there are six 
20 members of this family of ETEC antigens, CFA/I, CS1 , CS2, CS4, CS17, and PCF 
0166. 

Colonization factor antigens (CFA) of ETEC are important in the initial step of 
colonization and adherence of the bacterium to intestinal epithelia. In epidemiological 
studies of adults and children with diarrhea, CFA/I is found in a large percentage of 
25 morbidity attributed to ETEC. The CFA/I is present on the surfaces of bacteria in the 
form of pili (fimbriae), which are rigid, 7 nm diameter protein fibers composed of 
repeating pilin subunits. The CFA/I antigens promote mannose-resistant attachment to 
human brush borders with an apparent sialic acid sensitivity. Hence, it has been 
postulated that a vaccine that establishes immunity against these proteins may 
30 prevent attachment to host tissues and subsequent disease. 

Other antigens including CS3, CS5, and CS6. CFA/I, CS3 and CS6 may occur 
alone, but with rare exception CS1 is only found with CS3, CS2 with CS3, CS4 with 
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CS6 and CS5 with CS6. Serological studies show these antigens occur in strains 
accounting for up to about 75% or as little as about 25% of ETEC cases, depending 
on the location of the study. 

Consensus peptides have been described in U.S. Patent 5,914,1 14 which raise 
antibodies against the antigens of all members of the E. coli family CS4-CFA/I. While 
the N-terminus of members of this family shows a high degree of identity, the 
remainder of the sequence of the proteins shows less relatedness across the strains. 
Consensus peptides encompass known linear B- and T-cell epitopes, and bears a 
high degree of evolutionary relatedness across the six different colonization factors. 
For example, consensus peptides have the amino acid sequence (an amino acid 
residue may be added to either termini or modified internally to provide a reactive 
linkage): VEKNITVTASVDPTIDLLQADGSALPSAVALTYSPA (SEQ ID NO: 1) and 
VEKNITVTASVDPTIDLLQADGSALPASVALTYSPA (SEQ ID NO: 2). 

These consensus peptides were constructed based on the homologous regions 
of the CFA/I, CS1, CS2, CS4, CS17, and PCF 0166 antigens. 



Table 1. Alignment of antigens of the CS4-CFA/I family (SEQ ID NOS: 3-8) 



Antigen 


Amino Acid Sequence 


CFA/I 


VEKNI TVTAS VDP VI DLLQADGS AL PSAVALT YS PAS 


CS1 


VEKT I S VTAS VDPTVDLLQSDGSALPNSVALTYS PAV 


CS2 


AE INI T VTAS VD P V I DLLQA 


CS4 


VEKNI TVTASVDPTIDILQADGSYLPTAVELTYSPAA 


CS17 


VEKNITVRASVDKLIDLLQADGTSLPDSIAL.TYSVA 

i 


PCF0166 


VEKN I TVTAS VD PT I D I LQANGS AL 



CS6, a component of colonization factor IV (CFA/IV), can also be found in more 
than about 25% of ETEC strains in serological surveys (e.g., soldiers in the Middle 
East). The nucleotide sequences of CS3 and CS6 antigens, along with a process for 
producing them, are described in U.S. Patent 5,698,416. 
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Other antigens which may be used are toxins that cause enteric disease such 
as, for example, shiga toxin and E. coli enterotoxins. Heat-labile enterotoxin (LT) is 
described below, but heat-stable enterotoxins (e.g., STa, STb) which cause disease 
symptoms may also be neutralized by antibody. LT is a periplasmic toxin and ST is an 
5 extracellular toxin. STa is methanol soluble and STb is methanol insoluble. Two 
different precursors are used: STa is a 18-19 amino acid peptide and STb is a 48 
amino acid peptide with no sequence similarity between them. Conjugates between 
LT and ST or ST multimers may also be used (see U.S. Patent 4,886,663). 

It would be advantageous for a vaccine to be developed for a broad range of 
io common traveler's diseases, especially enteric infectious diseases. For example, 
campylobacteriosis (Campylobacter jejuni), giardiasis (Giardia intestinalis), hepatitis 
(hepatitis virus A or B), malaria ( Plasmodium falciparum, P. vivax, P. ovale, and P. 
malariae), shigellosis ( Shigella boydii, S. dysenteriae, S. flexneri, and S. sonnei), viral 
gastroenteritis (rotavirus), and combinations thereof may be treated by including 
15 antigens derived from the responsible pathogen. Systemic or mucosal antibodies that 
neutralize toxicity or block attachment and entry into the cell are desirable. An immune 
response which is specific for molecules associated with pathogens (e.g., toxins, 
membrane proteins) may be induced by various routes of administration (e.g., enteral, 
mucosal, parenteral, transcutaneous). 

20 

ADJUVANT 

The formulation contains an adjuvant, although a single molecule may contain 
both adjuvant and antigen properties (e.g., E. coli heat-labile enterotoxin). Adjuvants 
are substances that are used to specifically or non-specifically potentiate an antigen- 
25 specific immune response, perhaps through activation of antigen presenting cells 
(e.g., dendritic cells in various layers of the skin, especially Langerhans cells). See 
also Elson et al. (in Handbook of Mucosal Immunology, Academic Press, 1994). 
Although activation may initially occur in the epidermis or dermis, the effects may 
persist as the dendritic cells migrate through the lymph system and the circulation. 

30 Adjuvant may be formulated and applied with or without antigen, but generally, 
activation of antigen presenting cells by adjuvant occurs prior to presentation of 
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antigen. Alternatively, they may be separately presented within a short interval of time 
but targeting the same anatomical region (e.g., the same draining lymph node field). 

Adjuvants include, for example, chemokines (e.g., defensins, HCC-1, HCC-4, 
MCP-1, MCP-3, MCP-4, MIP-la, MIP-lp, MIP-16, MIP-3a, MIP-2, RANTES); other 
ligands of chemokine receptors (e.g., CCR1, CCR-2, CCR-5, CCR-6, CXCR-1); 
cytokines (e.g., IL-ip, IL -2. IL-6, IL-8, IL-10, IL-12; IFN-y; TNF-a; GM-CSF); other 
ligands of receptors for those cytokines, immu nostimulatory CpG motifs in bacterial 
DNA or oligonucleotides; muramyl dipeptide (MDP) and derivatives thereof (e.g., 
murabutide, threonyl-MDP, muramyl tripeptide); heat shock proteins and derivatives 
thereof; Leishmania homologs of elF4a and derivatives thereof; bacterial ADP- 
ribosylating exotoxins and derivatives thereof (e.g., genetic mutants, A and/or B 
subunit-containing fragments, chemically toxoided versions); chemical conjugates or 
genetic recombinants containing bacterial ADP-ribosylating exotoxins or derivatives 
thereof; C3d tandem array; lipid A and derivatives thereof (e.g., monophosphoryl or 
diphosphoryl lipid A, lipid A analogs, AGP, AS02, AS04, DC-Chol, Detox, OM-174); 
ISCOMS and saponins (e.g., Quil A, QS-21); squalene; superantigens; or salts (e.g., 
aluminum hydroxide or phosphate, calcium phosphate). See also Nohria et al. 
(Biotherapy, 7:261-269, 1994) and Richards et al. (in Vaccine Design, Eds. Powell et 
al.. Plenum Press, 1995) for other useful adjuvants. 

Adjuvant may be chosen to preferentially induce antibody or cellular effectors, 
specific antibody isotypes (e.g., IgM, IgD, IgAI , lgA2, secretory IgA, IgE, IgGI . lgG2, 
lgG3, and/or lgG4), or specific T-cell subsets (e.g., CTL, Thl, Th2 and/or T D th). For 
example, antigen presenting cells may present Class ll-restricted antigen to precursor 
CD4+ T cells, and the Thl or Th2 pathway may be entered. T helper cells actively 
secreting cytokine are primary effector cells; they are memory cells if they are resting. 
Reactivation of memory cells produces memory effector cells. Thl characteristically 
secrete IFN-y (TNF-3 and IL-2 may also be secreted) and are associated with "help" 
for cellular immunity, while Th2 characteristically secrete IL-4 (IL-5 and IL-13 may also 
be secreted) and are associated with "help" for humoral immunity. Depending on 
disease pathology, adjuvants may be chosen to prefer a Thl response (e.g., antigen- 
specific cytolytic cells) vs. a Th2 response (e.g., antigen-specific antibodies). 
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Unmethylated CpG dinucleotides or similar motifs are known to activate B 
lymphocytes and macrophages (see U.S. Patent 6,218,371 ). Other forms of bacterial 
DNA can be used as adjuvants. Bacterial DNA is among a class of structures which 
have patterns allowing the immune system to recognize their pathogenic origins to 
stimulate the innate immune response leading to adaptive immune responses. These 
structures are called pathogen-associated molecular patterns (PAMP) and include 
lipopolysaccharides, teichoic acids, unmethylated CpG motifs, double-stranded RNA, 
and mannins. PAMP induce endogenous signals that can mediate the inflammatory 
response, act as costimulators of T-cell function and control the effector function. The 
ability of PAMP to induce these responses play a role in their potential as adjuvants 
and their targets are antigen presenting cells such as dendritic cells and 
macrophages. The antigen presenting cells of the skin could likewise be stimulated by 
PAMP transmitted through the skin. For example, Langerhans cells, a type of dendritic 
cell, could be activated by PAMP in solution on the skin with a transcutaneously poorly 
immunogenic molecule and be induced to migrate and present this poorly 
immunogenic molecule to T-cells in the lymph node, inducing an antibody response to 
the poorly immunogenic molecule. PAMP could also be used in conjunction with other 
skin adjuvants such as cholera toxin to induce different costimulatory molecules and 
control different effector functions to guide the immune response, for example from a 
Th2 to a Thl response. 

Most ADP-ribosylating exotoxins (bARE) are organized as A:B heterodimers 
with a B subunit containing the receptor binding activity and an A subunit containing 
the ADP-ribosyltransferase activity. Exemplary bARE include cholera toxin (CT) E. coli 
heat-labile enterotoxin (LT), diphtheria toxin, Pseudomonas exotoxin A (ETA), 
pertussis toxin (PT), C. botulinum toxin C2, C. botulinum toxin C3, C. limosum 
exoenzyme, B. cereus exoenzyme, Pseudomonas exotoxin S, S. aureus EDIN, and 8. 
sphaericus toxin. Mutant bARE, for example containing mutations of the trypsin 
cleavage site (e.g., Dickenson et a!.. Infect Immun, 63:1617-1623, 1995) or mutations 
affecting ADP-ribosylation (e.g.. Douce et a/., Infect Immun, 65:28221-282218, 1997) 
may be used. 

CT, LT, ETA and PT, despite having different cellular binding sites, are potent 
adjuvants for transcutaneous immunization, inducing IgG antibodies but not IgE 
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antibodies. CTB without CT can also induce IgG antibodies. Thus, both bARE and a 
derivative thereof can effectively immunize when epicutaneously applied to the skin. 
Native LT as an adjuvant and antigen, however, is clearly not as potent as native CT. 
But activated bARE can act as adjuvants for weakly immunogenic antigens in a 
transcutaneous immunization system. Thus, therapeutic immunization with one or 
more antigens could be used separately or in conjunction with immunostimulation of 
the antigen presenting cell to induce a prophylactic or therapeutic immune response. 

In general, toxins can be chemically inactivated to form toxoids which are less 
toxic but remain immunogenic. We envision that the transcutaneous immunization 
system using toxin-based immunogens and adjuvants can achieve anti-toxin levels 
adequate for protection against these diseases. The anti-toxin antibodies may be 
induced through immunization with the toxins, or genetically-detoxified toxoids 
themselves, or with toxoids and adjuvants. Genetically toxoided toxins which have 
altered ADP-ribosylating exotoxin activity or trypsin cleavage site, but not binding 
activity, are envisioned to be especially useful as non-toxic activators of antigen 
presenting cells used in transcutaneous immunization and may reduce concerns over 
toxin use. 

bARE can also act as an adjuvant to induce antigen-specific CTL through 
transcutaneous immunization. The bARE adjuvant may be chemically conjugated to 
other antigens including, for example, carbohydrates, polypeptides, glycolipids, and 
glycoprotein antigens. Chemical conjugation with toxins, their subunits, or toxoids with 
these antigens would be expected to enhance the immune response to these antigens 
when applied epicutaneously. To overcome the problem of the toxicity of the toxins 
(e.g., diphtheria toxin is known to be so toxic that one molecule can kill a cell) and to 
overcome the problems of working with such potent toxins as tetanus, several workers 
have taken a recombinant approach to producing genetically-produced toxoids. This is 
based on inactivating the catalytic activity of the ADP-ribosyl transferase by genetic 
deletion. These toxins retain the binding capabilities, but lack the toxicity, of the 
natural toxins. Such genetically toxoided exotoxins would be expected to induce a 
transcutaneous immune response and to act as adjuvants. They may provide an 
advantage in a transcutaneous immunization system in that they would not create a 
safety concern as the toxoids would not be considered toxic. Activation through a 
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technique such as trypsin cleavage, however, would be expected to enhance the 
adjuvant qualities of LT through the skin which lacks trypsin-like enzymes. 

Additionally, several techniques exist to chemically modify toxins and can address the 
same problem. These techniques could be important for certain applications, 

5 especially pediatric applications, in which ingested toxins might possibly create 
adverse reactions. 

Adjuvant may be biochemically purified from a natural source (e.g., pCT or 
pLT) or recombinantly produced (e.g., rCT or rLT). ADP-ribosylating exotoxin may be 
purified either before or after proteolysis (i.e., activation). B subunit of the ADP- 
io ribosylating exotoxin may also be used: purified from the native enzyme after 

proteolysis or produced from a fragment of the entire coding region of the enzyme. 

The subunit of the ADP-ribosylating exotoxin may be used separately (e.g., CTB or 
LTB) or together (e.g., CTA-LTB, LTA-CTB) by chemical conjugation or genetic fusion. 

Point mutations (e.g., single, double, or triple amino acid substitutions), 

15 deletions (e.g., protease recognition site), and isolated functional domains of ADP- 

ribosylating exotoxin may also be used as adjuvant. Derivatives which are less toxic or 
have lost their ADP-ribosylation activity, but retain their adjuvant activity have been 
described. Specific mutants of E. coli heat-labile enterotoxin include LT-K63, LT-R72, 
LT (H44A), LT (R192G), LT (R192G/L21 1A), and LT (A192-194). Toxicity may be 
20 assayed with the Y-1 adrenal cell assay (Clements and Finkelstein, Infect Immun, 
24:760-769, 1979). ADP-ribosylation may be assayed with the NAD-agmatine ADP- 
ribosyltransferase assay (Moss et al. t J Biol Chem, 268:6383-6387, 1993). Particular 
ADP-ribosylating exotoxins, derivatives thereof, and processes for their production 
and characterization are described in U.S. Patents 4,666,837; 4,935,364; 5,308,835; 

25 5,785,971; 6,019,982; 6,033,673; and 6,149,919. 

An activator of Langerhans cells may also be used as an adjuvant. Examples of 
such activators include: inducers of heat shock protein; contact sensitizers (e.g., 
trinitrochlorobenzene, dinitrofluorobenzene, nitrogen mustard, pentadecylcatechol); 
toxins (e.g., Shiga toxin, Staph enterotoxin B); lipopolysaccharide (LPS), lipid A, or 
30 derivatives thereof; bacterial DNA; cytokines (e.g., TNF-a, IL-1p, IL-10, IL-12); 

members of the TGFp superfamily, calcium ions in solution, calcium ionophores, and 
chemokines (e.g., defensins 1 or 2, RANTES, MIP-1a, MIP-2, IL-8). 
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If an immunizing antigen has sufficient Langerhans cell activating capabilities 
then a separate adjuvant may not be required, as in the case of LT which is both 
antigen and adjuvant. Alternatively, such antigens can be considered not to require an 
adjuvant because they are sufficiently immunogenic. It is envisioned that live cell or 
virus preparations, attenuated live cells or viruses, killed cells, inactivated viruses, and 
DNA plasmids could be effectively used for transcutaneous immunization. It may also 
be possible to use low concentrations of contact sensitizers or other activators of 
Langerhans cells to induce an immune response without inducing skin lesions. 

Other techniques for enhancing activity of adjuvants may be effective, such as 
adding surfactants and/or phospholipids to the formulation to enhance adjuvant 
activity of ADP-ribosylating exotoxin by ADP-ribosylation factor. One or more ADP- 
ribosylation factors (ARF) may be used to enhance the adjuvanticity of bARE (e.g., 
ARF1, ARF2, ARF3, ARF4, ARF5, ARF6, ARD1). Similarly, one or more ARF could 
be used with an ADP-ribosylating exotoxin to enhance its adjuvant activity. 

Undesirable properties or harmful side effects (e.g., allergic or hypersensitive 
reaction; atopy, contact dermatitis, or eczema; systemic toxicity) may be reduced by 
modification without destroying its effectiveness in transcutaneous immunization. 
Modification may involve, for example, removal of a reversible chemical modification 
(e.g., proteolysis) or encapsulation in a coating which reversibly isolates one or more 
components of the formulation from the immune system. For example, one or more 
components of the formulation may be encapsulated in a particle for delivery (e.g., 
microspheres, nanoparticles) although we have shown that encapsulation in lipid 
vesicles is not required for transcutaneous immunization and appears to have a 
negative effect. Phagocytosis of a particle may, by itself, enhance activation of an 
antigen presenting cell by upregulating expression of MHC Class I and/or Class II 
molecules and/or costimulatory molecules (e.g., CD40, B7 family members like CD80 
and CD86). 

FORMULATION 

Processes for manufacturing a pharmaceutical formulation are well known. The 
components of the formulation may be combined with a pharmaceutically-acceptable 
carrier or vehicle, as well as any combination of optional additives (e.g., at least one 
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diluent, binder, excipient, stabilizer, dessicant, preservative, coloring, or combinations 
thereof). See, generally, Ullmann’s Encyclopedia of Industrial Chemistry, 6 th Ed. 
(electronic edition, 1998); Remington's Pharmaceutical Sciences, 22 nd (Gennaro, 
1990, Mack Publishing); Pharmaceutical Dosage Forms, 2 nd Ed. (various editors, 

5 1 989-1 998, Marcel Dekker); and Pharmaceutical Dosage Forms and Drug Delivery 

Systems (Ansel eta!., 1994, Williams & Wilkins). 

Good manufacturing practices are known in the pharmaceutical industry and 
regulated by government agencies (e.g., Food and Drug Administration). Sterile liquid 
formulations may be prepared by dissolving an intended component of the formulation 
io in a sufficient amount of an appropriate solvent, followed by sterilization by filtration to 
remove contaminating microbes. Generally, dispersions are prepared by incorporating 
the various sterilized components of the formulation into a sterile vehicle which 
contains the basic dispersion medium. For production of solid forms that are required 
to be sterile, vacuum drying or freeze drying can be used. Solid dosage forms (e.g., 

15 powders, granules, pellets, tablets) or liquid dosage forms (e.g., liquid in ampules, 
capsules, vials) can be made from at least one active ingredient or component of the 
formulation. 

Suitable procedures for making the various dosage forms and production of 
patches are known. The formulation may also be produced by encapsulating solid or 
20 liquid forms of at least one active ingredient or component, or keeping them separate 
in compartments or chambers. The patch may include a compartment containing a 
vehicle (e.g., a saline solution) which is disrupted by pressure and subsequently 
solubilizes the dry formulation of the patch. The size of each dose and the interval of 
dosing to the subject may be used to determine a suitable size and shape of the 
25 container, compartment, or chamber. 

Formulations will contain an effective amount of the active ingredients (e.g., 
antigen and adjuvant) together with carrier or suitable amounts of vehicle in order to 
provide pharmaceutically-acceptable compositions suitable for administration to a 
human or animal. Formulation that include a vehicle may be in the form of an cream, 
30 emulsion, gel, lotion, ointment, paste, solution, suspension, or other liquid forms 
known in the art; especially those that enhance skin hydration. 
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The relative amounts of active ingredients within a dose and the dosing 
schedule may be adjusted appropriately for efficacious administration to a subject 
(e.g., animal or human). This adjustment may depend on the subject’s particular 
disease or condition, and whether therapy or prophylaxis is intended. To simplify 
administration of the formulation to the subject, each unit dose would contain the 
active ingredients in predetermined amounts for a single round of immunization. 

There are numerous causes of protein instability or degradation, including 
hydrolysis and denaturation. In the case of denaturation, the protein’s conformation is 
disturbed and the protein may unfold from its usual globular structure. Rather than 
refolding to its natural conformation, hydrophobic interaction may cause clumping of 
molecules together (/'.e., aggregation) or refolding to an unnatural conformation. Either 
of these results may entail diminution or loss of antigenic or adjuvant activity. 
Stabilizers may be added to lessen or prevent such problems. 

The formulation, or any intermediate in its production, may be pretreated with 
protective agents (i.e., cryoprotectants and dry stabilizers) and then subjected to 
cooling rates and final temperatures that minimize ice crystal formation. By proper 
selection of cryoprotective agents and the use of preselected drying parameters, 
almost any formulation might be cryoprepared for a suitable desired end use. 

It should be understood in the following discussion of optional additives like 
excipients, stabilizers, dessicants, and preservatives are described by their function. 
Thus, a particular chemical may act as some combination of excipient, stabilizer, 
dessicant, and/or preservative. Such chemicals would be considered immunologically- 
inactive because it does not directly induce an immune response, but it increases the 
response by enhancing immunological activity of the antigen or adjuvant: for example, 
by reducing modification of the antigen or adjuvant, or denaturation during drying and 
dissolving cycles. 

Stabilizers include cyclodextrin and derivatives thereof (see U.S. Patent 
5,730,969). Suitable preservatives such as sucrose, mannitol, sorbitol, trehalose, 
dextran, and glycerin can also be added to stabilize the final formulation. A stabilizer 
selected from nonionic surfactants, D-glucose, D-galactose. D-xylose, D-glucuronic 
acid, salts of D-glucuronic acid, trehalose, dextrans, hydroxyethyl starches, and 
mixtures thereof may be added to the formulation. Addition of an alkali metal salt or 
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magnesium chloride may stabilize a polypeptide, optionally including serum albumin 
and freeze-drying to further enhance stability. A polypeptide may also be stabilized by 
contacting it with a saccharide selected from the group consisting of dextran, 
chondroitin sulfuric acid, starch, glycogen, insulin, dextrin, and alginic acid salt. Other 
5 sugars that can be added include monosaccharides, disaccharides, sugar alcohols, 
and mixtures thereof (e.g., glucose, mannose, galactose, fructose, sucrose, maltose, 
lactose, mannitol, xylitol). Polyols may stabilize a polypeptide, and are water-miscible 
or water-soluble. Suitable polyols may be polyhydroxy alcohols, monosaccharides and 
disaccharides including mannitol, glycerol, ethylene glycol, propylene glycol, trimethyl 
io glycol, vinyl pyrrolidone, glucose, fructose, arabinose, mannose, maltose, sucrose, 
and polymers thereof. Various excipients may also stabilize polpeptides, including 
serum albumin, amino acids, heparin, fatty acids and phospholipids, surfactants, 
metals, polyols, reducing agents, metal chelating agents, polyvinyl pyrrolidone, 
hydrolyzed gelatin, and ammonium sulfate. 

15 Single-dose formulations can be stabilized in poly(lactic acid) (PLA) and poly 

(lactide-co-glycolide) (PLGA) microspheres by suitable choice of excipient or 
stabilizer. Trehalose may be advantageously used as an additive because it is a non- 
reducing saccharide, and therefore does not cause aminocarbonyl reactions with 
substances bearing amino groups such as proteins. 

20 It is conceivable that a formulation that can be administered to the subject in a 

dry, non-liquid form, may allow storage in conditions that do not require a cold chain. 
An antigen (e.g., CS 6 ) in solution may be mixed in solution with an adjuvant such as 
LT and is placed on a gauze pad with an occlusive backing such as plastic wrap and 
allowed to dry. This patch can then be placed on skin with the gauze side in direct 
25 contact with the skin for a period of time and can be held in place covered with a 

simple occlusive such as plastic wrap and adhesive tape. The patch may have many 
compositions. The substrate may be cotton gauze, combinations of rayon-nylon or 
other synthetic materials and may have occlusive solid backings including polyvinyl 
chloride, rayons, other plastics, gels, creams, emulsions, waxes, oils, parafilm, 

30 rubbers (synthetic or natural), cloths, or membranes. The patch can be held onto the 
skin and components of the patch can be held together using various adhesives. One 
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or more of the adjuvant and/or antigen may be incorporated into the substrate or 
adhesive parts of the patch. 

A liquid or quasi-liquid formulation may be applied directly to the skin and 
allowed to air dry; rubbed into the skin or scalp; placed on the ear, inguinal, or 
intertriginous regions, especially in animals; placed on the anal/rectal tissues; held in 
place with a dressing, patch, or absorbent material; immersion; otherwise held by a 
device such as a stocking, slipper, glove, or shirt; or sprayed onto the skin to 
maximize contact with the skin. The formulation may be applied in an absorbent 
dressing or gauze. The formulation may be covered with an occlusive dressing such 
as, for example, AQUAPHOR (an emulsion of petrolatum, mineral oil, mineral wax, 
wool wax, panthenol, bisabol, and glycerin from Beiersdorf), plastic film, COMFEEL 
(Coloplast) or VASELINE petroleum jelly; or a non-occlusive dressing such as, for 
example, TEGADERM (3M), DUODERM (3M) or OPSITE (Smith & Napheu). An 
occlusive dressing excludes the passage of water. Such a formulation may be applied 
to single or multiple sites, to single or multiple limbs, or to large surface areas of the 
skin by complete immersion. The formulation may be applied directly to the skin. 

Other substrates that may be used are pressure-sensitive adhesives such as acrylics, 
polyisobutylenes, and silicones. The formulation may be incorporated directly into 
such substrates, perhaps with the adhesive perse instead of adsorption to a porous 
pad (e.g., gauze) or bilious strip (e.g., filter paper). 

Whether or not a patch is used, polymers added to the formulation may act as 
an excipient, stabilizer, and/or preservative of an active ingredient as well as reducing 
the concentration of the active ingredient that saturates a solution used to dissolve a 
dry form of the active ingredient. Such reduction occurs because the polymer reduces 
the effective volume of the solution by filling the “empty” space. In this way, quantities 
of antigen/adjuvant can be conserved without reducing the amount of saturated 
solution. An important thermodynamic consideration is that an active ingredient in the 
saturated solution will be “driven” into regions of lower concentration (e.g., through the 
skin). In solution, polymers can also stabilize and/ or preserve the antigen/adjuvant- 
activity of solubilized ingredients of the formulation. Such polymers include ethylene or 
propylene glycol, vinyl pyrrolidone, and p-cyclodextrin polymers and copolymers. 
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TRANSCUTANEOUS DELIVERY 

Transcutaneous delivery of the formulation may target Langerhans cells and, 
thus, achieve effective and efficient immunization. These cells are found in abundance 
in the skin and are efficient antigen presenting cells (APC), which can lead to T-cell 
5 memory and potent immune responses. Because of the presence of large numbers of 
Langerhans cells in the skin, the efficiency of transcutaneous delivery may be related 
to the surface area exposed to antigen and adjuvant. In fact, the reason that 
transcutaneous immunization is so efficient may be that it targets a larger number of 
these efficient antigen presenting cells than intramuscular immunization. 
io The invention will enhance access to immunization, while inducing a potent 

immune response. Because transcutaneous immunization does not require injection 
with a hypodermic needle (/.e., penetration to or through the dermis) and the 
complications and difficulties thereof, the requirements of medically-sophisticated 
personnel, sterile technique, and sterile equipment are reduced. Furthermore, the 
15 barriers to immunization at multiple sites or to multiple immunizations are diminished. 
Immunization by a single application of the formulation is also envisioned. 

Immunization may be achieved using topical or epicutaneous application of a 
simple formulation of antigen and adjuvant, optionally covered by an occlusive 
dressing or using other patch technologies, to intact skin with or without chemical or 
20 physical penetration. The immunization could be given by untrained personnel, and is 
amenable to self-application. Large-scale field immunization could occur given the 
easy accessibility to immunization. Additionally, a simple immunization procedure 
would improve access to immunization by pediatric, elderly, and Third World 
populations. Transcutaneous immunization according to the invention may provide a 
25 method whereby antigens and adjuvant can be delivered to the immune system, 

especially specialized antigen presentation cells underlying the skin (e.g., Langerhans 
cells). 

For traditional vaccines, their formulations were injected through the skin with 
needles. Injection of vaccines using needles carries certain drawbacks including the 
30 need for sterile needles and syringes, trained medical personnel to administer the 
vaccine, discomfort from the injection, needle-born diseases, and potential 
complications brought about by puncturing the skin with the potentially reusable 
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needles. Immunization through the skin without the use of hypodermic needles 
represents an advance for vaccine delivery by avoiding the hypodermic needles. 

Moreover, transcutaneous immunization may be superior to immunization using 
hypodermic needles as more immune cells would be targeted by the use of several 
locations targeting large surface areas of skin. A therapeutically-effective amount of 
antigen sufficient to induce an immune response may be delivered transcutaneously 
either at a single cutaneous location, or over an area of skin covering multiple draining 
lymph node fields (e.g., cervical, axillary, inguinal, epitrochelear, popliteal, those of the 
abdomen and thorax). Such locations close to numerous different lymphatic nodes at 
locations all over the body will provide a more widespread stimulus to the immune 
system than when a small amount of antigen is injected at a single location by 
intradermal, subcutaneous, or intramuscular injection. 

Antigen passing through or into the skin may encounter antigen presenting 
cells which process the antigen in a way that induces an immune response. Multiple 
immunization sites may recruit a greater number of antigen presenting cells and the 
larger population of antigen presenting cells that were recruited would result in greater 
induction of the immune response. It is conceivable that use of the skin may deliver 
antigen to phagocytic cells of the skin such as, for example, dendritic cells, 

Langerhans cells, macrophages, and other skin antigen presenting cells; antigen may 
also be delivered to phagocytic cells of the liver, spleen, and bone marrow that are 
known to serve as the antigen presenting cells through the blood stream or lymphatic 
system. 

Langerhans cells, other dendritic cells, macrophages, or combinations thereof 
may be specifically targeted using their asialoglycoprotein receptor, mannose 
receptor, Fey receptor CD64, high-affinity receptor for IgE, or other highly expressed 
membrane proteins. A ligand or antibody specific for any of those receptors may be 
conjugated to or recombinantly produced as a protein fusion with adjuvant, antigen, or 
both. Furthermore, adjuvant, antigen, or both may be conjugated to or recombinantly 
produced as a protein fusion with protein A or protein G to target surface 
immunoglobulin of B lymphocytes. The envisioned result would be widespread 
distribution of antigen to antigen presenting cells to a degree that is rarely, if ever 
achieved, by current immunization practices. 
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Genetic immunization has been described in U.S. Patents 5,589,466, 

5,593,972, and 5,703,055. The nucleic acid(s) contained in the formulation may 
encode the antigen, the adjuvant, or both. The nucleic acid may or may not be 
capable of replication; it may be non-integrating and non-infectious. For example, the 
nucleic acid may encode a fusion polypeptide comprising antigen and a ubiquitin 
domain to direct the immune response to a class I restricted response. The nucleic 
acid may further comprise a regulatory region operably linked to the sequence 
encoding the antigen or adjuvant. The nucleic acid may be added with an adjuvant. 
The nucleic acid may be complexed with an agent that promotes transfection such as 
cationic lipid, calcium phosphate, DEAE-dextran, polybrene-DMSO, or a combination 
thereof. Immune cells can be targeted by conjugation of DNA to Fc receptor or protein 
A/G, or attaching DNA to an agent linking it to <x 2 -macroglobulin or protein A/G or 
similar APC targeting material. 

A specific immune response may comprise humoral (/.e., antigen-specific 
antibody) and/or cellular (/.e., antigen-specific lymphocytes such as B lymphocytes, 
CD4 + T cells, CD8 + T cells, CTL, Thl cells, Th2 cells, and/or Tdth cells) effector arms. 
Moreover, the immune response may comprise NK cells and other leukocytes that 
mediate antibody-dependent cell-mediated cytotoxicity (ADCC). 

The immune response induced by the formulation of the invention may include 
the elicitation of antigen-specific antibodies and/or lymphocytes. Antibody can be 
detected by immunoassay techniques. Detection of the various antibody isotypes 
(e.g., IgM, IgD, IgAI, lgA2, secretory IgA, IgE, IgGI, lgG2, lgG3, or lgG4) can be 
indicative of a systemic or regional immune response. Immune responses can also be 
detected by a neutralizing assay. Antibodies are protective proteins produced by B 
lymphocytes. They are highly specific, generally targeting one epitope of an antigen. 
Often, antibodies play a role in protection against disease by specifically reacting with 
antigens derived from the pathogens causing the disease. Immunization may induce 
antibodies specific for the immunizing antigen (e.g., bacterial toxin). 

CTL are immune cells produced to protect against infection by a pathogen. 
They are also highly specific. Immunization may induce CTL specific for the antigen, 
such as a synthetic oligopeptide based on a malaria protein, in association with self- 
major histocompatibility antigen. CTL induced by immunization with the 
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transcutaneous delivery system may kill pathogen-infected cells. Immunization may 
also produce a memory response as indicated by boosting responses in antibodies 
and CTL, lymphocyte proliferation by culture of lymphocytes stimulated with the 
antigen, and delayed type hypersensitivity responses to intradermal skin challenge of 
the antigen alone. 

Successful protection could also be demonstrated by challenge studies using 
infection by the pathogen or administration of toxin, or measurement of a clinical 
criterion (e.g., high antibody titers or production of IgA antibody-secreting cells in 
mucosal membranes may be used as a surrogate marker). 

The following is meant to be illustrative of the invention, but practice of the 
invention is not limited or restricted in any way by the following examples. 

ANIMAL EXAMPLES 

BALB/c and C57BL/6 mice were obtained from Jackson Laboratories. Mice (6- 
10 wks of age) were maintained in pathogen-free conditions and fed rodent chow and 
water ad libitum. Female Hartley guinea pigs, 4-6 weeks of age, were procured from 

Charles River Laboratories, and maintained in pathogen-free conditions receiving food 
and water ad libitum. 

Cholera toxin (CT) was purchased from List Biologicals. E. coli heat labile 
enterotoxin (LT) was purchased from Swiss Serum and Vaccine Institute (SSVI). 

To prepare recombinant CS6 (rCS6), the complete four-gene operon for CS6 
(approximately 5 kb) was cloned into E. coli strain HB101 (Wolf et a/.. 1997; Wolf et 
a/ - 1997 ) on a PUC19 derivatized plasmid containing a kanamycin resistance gene. 
rCS6 was produced using this clone in a New Brunswick BioFlo 3000 fermentor. The 
fermentation broth was harvested by centrifugation, and the rCS6 purified by 
tangential flow filtration followed by precipitation in ammonium sulfate (Wolf et a!., 
1997). The rCS6 was then buffer exchanged with phosphate buffered saline (PBS). 
This purified rCS6 was stored at -30°C until immunization. The purity of rCS6 was 
determined as >98% by sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE), Coomassie blue staining, and densitometric scanning (Cassels et at., 
1992; Schagger & von Jagow, 1987). 
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Clinical ETEC strains E8775 and E9034A were utilized as the sources for 
native CS6 (nCS6) and CS3, respectively. Heat and saline extracts of the two strains 
grown on CFA agar (Evans et a/., 1977) were treated with ammonium sulfate 
sequentially at 10% saturation intervals (Wolf et ai, 1997). The precipitate at 60% and 
30% saturation contained the greatest quantity and highest purity of native CS6 and 
native CS3, respectively, as determined by SDS-PAGE and ELISA assay. 

P. falciparum MSP (MSP-I42, 3D7) was expressed in E. coli BL21(DE3) with a 
polyhistidine tag (Novagen). Antigen was purified to near homogeneity using three 
chromatographic steps: nickel affinity, Q anion exchange, and CM cation exchange. 

Mice were transcutaneously immunized as described previously (Scharton- 
Kersten et ai, 2000). Briefly, the animals were shaved on the dorsum with a No. 40 
clipper, which leaves no visible irritation or changes in the skin, and rested for 48 hr. 
Mice and guinea pigs were anesthetized in the hind thigh intramuscularly (IM) or 
intraperitoneally (IP) with a ketamine/xylazine mixture during the immunization 
procedure to prevent self-grooming. The exposed skin surface was hydrated with 
water-drenched gauze for 5-10 min, and lightly blotted with dry gauze prior to 
immunization. Twenty-five to 100 pi of immunizing solution was placed on the shaved 
skin over a 2-cm 2 area for one hour. The animals were then extensively washed, tails 
down, under running tap water for approximately 30 sec, patted dry, and washed 
again. 

Passive immunization was accomplished by tail vein injection of pooled hyper- 
immune serum from a matched strain of mice containing an anti-LT IgG titer greater 
than 10,000 ELISA units. Naive BALB/c mice were injected with 0.5 ml of serum one 
hour before oral challenge with LT or bicarbonate buffer. Naive C57BL/6 mice were 
also passively immunized using the same procedure 12 hr before challenge. 

An exotoxin challenge model has been described (Richardson et al., 1984). 
BALB/c mice were fed LT (10 pg in 500 pi) suspended in 10% sodium bicarbonate 
(NaHC0 3 ) solution. C57BL/6 mice were fed LT (100 pg per gram weight in 500 pi of 
10% NaHCCh) based on body weight. Control animals received 500 pi of 10% 
NaHC 03 alone. To prevent coprophagy, the mice were transferred to cages with wire 
mesh flooring. Mice were given 10% glucose water but no food for 12 hr before 
challenge and during challenge. Six hours after the challenge, the animals were 
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weighed and sacrificed. The small intestines were then dissected (pyloric valve to 
ileal-cecal junction), tied off to prevent fluid loss, and weighed. Fluid accumulation was 
calculated using the formula: FA = (G/(B-G))*1000, where G = gut weight + fluid in 
grams and B = body weight in grams. Using this formula, baseline fluid accumulation 
in untreated or bicarbonate fed animals is 30 to 150, depending upon the initial body 
weight of the animal. 

Histopathological studies were performed by Gary M. Zaucha, AVP, ABT, and 
ACVPM of the Comparative Pathology Division at the Walter Reed Army Institute of 
Research. Two guinea pigs per treatment group and one control animal were 
designated for pathology. Animals were euthanized on day two post-exposure for 
each of the three vaccinations and subject to a complete gross necropsy. 
Histopathologic examination of the high dose group included examination of a full 
complement of tissues with skin (haired skin and the dorsal lumbar exposure site) and 
liver evaluated in the remaining groups. Tissues collected and formalin fixed in the 
high dose group were brain, pituitary, tongue, lung, trachea, esophagus, thyroid, 
thymus, heart, pancreas, spleen, liver (with associated gallbladder), stomach, small 
intestine, cecum, colon, mesenteric lymph node, kidney, adrenal, urinary bladder, 
ovary, uterus, salivary glands, submandibular lymph node, bone marrow (sternum), 
haired skin, dorsal lumbar exposure site, and gross lesions. Histopathologic findings 
for individual animals were graded on a scale of 1 to 5 (1= minimal, 2=mild, 
3=moderate, 4=marked, and 5=severe). 

Antibody levels against CT, LT, native CS3, native CS6, rCS6 and MSP-1 42 
were determined by ELISA, lmmulon-2 polystyrene plates (Dynex Laboratories) were 
coated with 0.1 pg/well of antigen, incubated at room temperature overnight, blocked 
with a 0.5% casein buffer in PBS, washed, serial dilutions of specimen applied, and 
the plates incubated for 2 hr at room temperature. IgG (H+L) antibody was detected 
using HRP-linked goat anti-mouse IgG (H+L) (Biorad) for 1 hr. Anti-LT specific IgA 
levels were determined as above with HRP-linked goat anti-mouse IgA (Zymed) 
substituted as the secondary antibody. Secretory IgA (S-lgA) antibody levels were 
also measured by ELISA, wherein LT coated plates were sequentially incubated with 
stool, lung wash, or vaginal wash from naive and immunized animals, purified rabbit 
anti-secretory chain (SC) antibody (16-24 hr at 4°C) (Crottet et a/., 1999), and 
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peroxidase-labeled goat anti-rabbit IgG (H+L) (Kirkegaard and Perry) for 2 hr at room 
temperature. Bound antibody was revealed using 2,2’-azino-di (3-ethylbenzthiazoline 
sulphonic acid) substrate (ABTS; Kirkegaard and Perry) and the reaction stopped after 
30 min using a 1% SDS solution. Plates were read at 405 nm. Antibody titer results 
5 are reported in either OD (405 nm) or ELISA Units, which are defined as the inverse 
dilution of the sera that yields an optical density (OD) of 1.0. Guinea pig anti-rCS6 
ELISAs were conducted as above with peroxidase-conjugated goat anti-guinea pig 
IgG (Jackson ImmunoResearch) included in the detection step. Anti-SC secondary 
antibody reacted with antigen coated (rCS6) plates, resulting in high background, 

10 which rendered this assay unsuitable for anti-rCS6 SC detection. 

One microliter of rCS6 (0.5 pg). native CS6 (1 .6 pg) and native CS3 (0.5 pg) 
were spotted onto nitrocellulose strips (Schleicher and Schuell), and dried overnight. 
Strips were blocked by incubation in PBS with 0.05% Tween 20 (PBS-T, Sigma) and 
1% bovine serum albumin for 2 hr. Primary mouse antibody was diluted to 1:1000 and 
is 1 :4000 and incubated with the strips for 1 hr, followed by three washes of 1 , 5, and 10 
min, all in PBS-T. Strips were then incubated in goat anti-mouse IgG labeled with 
horseradish peroxidase (1:5000 in PBS-T, 30 min). After washing in PBS three times 
for 10 min each, the strips were developed with 3,3’ diaminobenzidine (DAB, Sigma), 
hydrogen peroxide (Sigma), and cobalt chloride (Mallinckrodt), as described in Harlow 
20 & Lane (1988). All incubations and washes took place on an orbital shaker at room 

temperature. 

Seven days after the last immunization, mononuclear cells were isolated from 
the spleen and superficial ventral cervical nodes and washed in RPMI 1640 with 50 
mg of gentamycin per ml prior to use in the ELISPOT assay as previously described 
25 (Hartman et ai, 1994; Hartman et al., 1999). Washed spleen and lymph node cells 
were counted and diluted in culture medium (RPMI 1640 with 2 mM glutamine, 50 mg 
of gentamycin per ml, and 10% fetal bovine serum) to a density of 2.5 x 10 6 /ml. One 
hundred ml of the cell suspension were inoculated into microwells previously coated 
with 0.1 pg/well of CS6 antigen in carbonate coating buffer, pH 9.6, or coating buffer 
30 alone. Each sample was assayed in quadruplicate. After incubation at 37°C for 4 hr, 
plates were washed and rabbit anti-guinea pig IgG (1:1200), IgA (1:700), or IgM 
(1:800) (ICN Laboratories) was added. After overnight incubation at 4°C, plates were 
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washed and alkaline phosphatase-conjugated goat anti-rabbit anti-sera (Sigma) at a 
dilution of 1 :1200 was added. After 2 hr at 37°C, plates were washed and spots were 
visualized by the addition of 100 ml of molten agarose containing 100 mg of 5-bromo- 
4-chloro-3-indollyl phosphate per ml. Spot-forming cells were then counted with a 
stereomicroscope. 

Blood contamination was not apparent upon visual inspection of freshly 
collected murine stool, lung wash or vaginal wash specimen. Further testing with 
HEMASTIX strips (Bayer) indicated that blood contamination was < 5-20 intact red 
blood cells per pi or £ 0.015 - 0.062 mg free hemoglobin per dL. 

Stool pellets were collected the day before challenge by spontaneous 
defecation, weighed, homogenized in 1 ml of PBS per 100 mg of fecal material, 
centrifuged, and the supernatant collected and stored at -20°C. 

Mice were exsanguinated, the trachea transected, 22-gauge polypropylene 
tubing inserted, and PBS gently infused to inflate the lungs. The infused material was 
then withdrawn, re-infused for a total of three cycles, and stored at -20°C. 

The vaginal cavity was gently lavaged by repeated insertion and aspiration of 
PBS (80 pi) into the vaginal cavity for a total of three cycles. The vaginal material was 
spun for 10 min at 3,000 rpm and the supernatant transferred to a clean container and 
stored at -20°C. 

BALB/c mice were immunized on the skin with MSP1 alone or CT and MSP1 at 
0, 4, 8 and 12 weeks. Spleen and draining lymph node (inguinal) tissues were 
removed 24 weeks after the primary immunization. Single cell suspensions were 
prepared from spleen tissue from individual mice or from LNs pooled within each 
group. Cells were cultured at 4 x 10 s per well in 96-well plates for 5 days at 37°C, 5% 
CO 2 in the presence or absence of 10 pg/ml of MSP1 antigen. Concanavalin A (ConA) 
at 5 pg/ml was used as a positive control. Culture media contained RPMI 1640 
(BioWhittaker) supplemented with 10% fetal calf serum (Gibco), penicillin (10 U/ml, 
BioWhittaker), streptomycin (100 pg/ml, BioWhittaker), L-glutamine (2 mM, Sigma), 
and Hepes (10 pM, BioRad). [ 3 H]-thymidine (1 pCi/well) was added to the cultures 
during the last 20 hr of the 5-day culture period. Thymidine incorporation was 
assessed by harvesting cellular DNA onto glass fiber filters, followed by liquid 
scintillation counting. 
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CD4 + T cells were isolated from pooled spleen cells from the CT/MSP1 
immunization group using a CD4 + T cell selection column and the manufacturer’s 
instructions (R&D Systems). Cells eluted from the column (CD4 + ) were cultured in 96- 
well plates at 1 x 10 5 cells per well in the presence or absence of 3 x 10 5 irradiated 
5 (3000 rad) feeder cells from naive mice. Proliferation assays were conducted in the 

presence or absence of antigen stimulation as described above. 

Unless otherwise indicated, the ELISA data shown are the geometric mean of 
values from individual animals, and error bars represent two standard deviations from 
the mean. Comparisons between antibody titers and fluid accumulation (FA) in groups 
io were performed using an unpaired, two-tailed Student’s t test and p values < 0.05 
regarded as significant. 

Immunization on the skin with bacterial adjuvant and the colonization factor 
CS6 results in a protective antibody response. To determine if TCI would be an 
effective method for inducing relevant ETEC immune responses, mice were 
15 immunized four times by TCI with CT and rCS6, assayed for anti-CS6 responses, 
subsequently challenged orally with CT holotoxin, and the degree of acute intestinal 
swelling (fluid accumulation) quantified 6 hr later. A positive control group was 
immunized by the intramuscular route (IM) with 5 pg of rCS6 in alum, and a negative 
control group received rCS6 alone on the skin. Antibodies reacting with rCS6 antigen 
20 were apparent after the first immunization in animals receiving either a low (10 pg) or 
high (100 pg) dose of adjuvant, and the titers continued to rise after the 1 st and 2 nd 
booster immunizations. The immune response to CS6 in the presence of adjuvant (10 
or 100 pg) was greater (p < 0.05) than the response seen to antigen alone delivered 
by TCI at 12 weeks. The geometric mean anti-CS6 titers were greatest in the high 
25 dose (CT 100 pg) group following the third immunization, and a higher geometric 
mean anti-CS6 titer was produced using TCI compared to intramuscular 
immunization, but neither difference was statistically significant. Anti-CT titers were 
elevated in both of the CT adjuvanted groups at all time points. Animals immunized 
with CS6 alone on the skin failed to develop a consistent antibody response to the 
30 antigen or the adjuvant. 

Naive, antigen alone, and CT + CS6 (100 pg/100 pg) on the skin groups were 
selected for oral challenge with CT after immunization using TCI. The CS6 alone and 
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CT/CS6 groups were boosted 1 1 weeks after the 3 rd immunization (19-week study 
point). Two weeks later, the animals were fed either bicarbonate buffer alone (10% 
NaHCCb) or bicarbonate buffer containing 10 pg of CT, and the resulting intestinal 
swelling was determined. The intestines from naive mice fed bicarbonate alone had a 
5 baseline fluid accumulation of 103 (range 78 to 146). Oral administration of CT in 
naive mice resulted in a two-fold increase in fluid accumulation (mean 209; range 164 
to 359). Similarly, mice vaccinated with rCS6 alone and subsequently fed CT also 
displayed an approximate two-fold increase in fluid accumulation (mean 192; range 
1 19 to 294). In contrast, mice vaccinated with CT by TCI developed negligible 
10 intestinal swelling following challenge (mean 105; range 84 to 120), and the fluid 

response was indistinguishable from that observed in the naive group fed bicarbonate 
buffer alone (p<0.5). 

Comparable adjuvant effects of CT and LT for transcutaneously administered 
CS6 antigen. Use of LT as an adjuvant for an ETEC vaccine may be desirable, as LT 
15 is the causative agent in a significant number of cases of ETEC diarrhea (Wolf et al., 
1993), and thus can function both as antigen and adjuvant. To test the relative 
potencies of CT and LT adjuvants for rCS6, mice were immunized on the skin three 
times at 4-week intervals with 100 pg of rCS6 and a range of doses of CT or LT (10, 
20, and 100 pg). The resulting serum anti-rCS6 and adjuvant titers were assessed two 
20 weeks after the final immunization. As expected, anti-adjuvant (CT or LT) IgG titers 
were apparent at all adjuvant doses, and the titers were higher and most consistent 
among the high (100 pg) dose animals. In contrast, while all of the CS6 and LT/CT 
groups developed elevated anti-CS6 titers, the responses were greatest at the lowest 
LT doses (10 pg vs. 100 pg), and generally comparable to previous experience by the 
25 IM route. 

Serum antibodies from mice immunized with rCS6 and LT recognize native 
CS6. Mice immunized with rCS6 produced a high titer of serum IgG that reacted with 
the recombinant protein used in the ELISA assay. While these results suggested that 
TCI might be effective in attenuating ETEC infection and disease, it was important to 
30 determine if the induced antibodies reacted with the native CS6 (nCS6) present on E. 
coli isolates. To test the specificity of the anti-CS6 response, sera from rCS6- 
immunized mice were analyzed for reactivity to native CS6 protein in ELISA and 
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immunodot blot assays. In the ELISA, each of the three samples with reactivity to 
rCS6 and LT demonstrated specif, city for native CS6 protein, but not for nabve CSS 
protein. Similarly, by immunodot blot assay, mice immunized with rCS6 and LT 
reacted with both the immunizing rCS6 antigen and partially purified native CS6. with 
little or no reaction by preimmune sera. None of the mouse sera reacted w,th the 
native CSS antigen control. Serum from a mouse that was parenterally immunized (IM 
injection) with rCS6 responded in a similar way to both native CS6 and rCS6 as did 
sera from transcutaneously immunized mice. In addition the BALB/c mouse 
responded in a similar fashion as did the C57BL/6 mice. Thus. TCI using rCS6 
induced serum antibody capable of recognizing native antigen. 

Antibodies to LT actively and passively protect mice from oral challenge w,t 
LT. Although LT, the causative agent in LT-mediated ETEC disease, is very similar to 
CT and shows cross-protection with cholera toxin B subunit (CTB) antibodies 
(Clemens ef a/., 1988). direct protection against LT oral challenge using LT antibodies 
has not been previously shown. Mice immunized with LT and rCS6 by TCI were orally 
challenged with LT as described. High levels of anti-LT IgG were detected in the sera 
of immunized mice (geometric mean for BALB/c = 36.249 ELISA units; C57BU6 = 

54 792 ELISA units). For oral toxin challenge, two strains of mice with different 
sensitivities to challenge were used. C57BL/6 mice are highly sensitive to the effects 
of LT toxin challenge compared to BALB/c, and protection in both strains suggests the 
protective effect might be observed in more genetically diverse settings. Significant 

protection against LT challenge was seen in both strains (p<0.05). 

Studies of dog and human ETEC disease suggest that serum antibody 
contributes to protection against diarrhea from intact bacteria as well as isolated toxin 
(Pierce ef a/., 1980; Pierce ef a/.. 1972; Pierce & Reynolds, 1974). Consistent with is 
premise, we, and others, have previously reported that a transcutaneously elicited 
serum factor protects animals from a lethal intranasal challenge with CT (Beignon ef 
a/., 2001; Glenn ef a/.. 1998b). Thus, we postulated that a serum factor, presumed to 
be antitoxin antibody, might also contribute to the prevention of toxin-induced 
intestinal swelling in transcutaneously immunized mice. The host-protective role o 
antitoxin antibody serum was evaluated by quantitating the intestinal swelling elicited 
by oral toxin challenge of naive and passively immunized mice that received serum 
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from animals which were treated by TCI. The effect of passive immunization was 
evaluated in both BALB/c and C57BL/6 mouse strains. Oral administration of LT to 
naive mice consistently induced fluid accumulation that was apparent upon visual 
inspection. In contrast, passively immunized mice developed negligible fluid 
accumulation of a magnitude comparable to that observed in the groups fed buffer 
alone. Thus, the passively immunized mice given antibody from transcutaneously 
immunized mice were protected from the sequelae of oral toxin challenge. Together, 
these results indicate that transcutaneously immunized mice produce serum 
antibodies capable of protecting animals from toxin exposure. 

Mucosal IgG, IgA and secretory IgA responses specific for ETEC antigen 
following TCI. While serum IgG responses are associated with host protection against 
many infectious agents, mucosal immune responses are considered to be important 
for attenuation and prevention of mucosally acquired pathogens, particularly intestinal 
pathogens, such as ETEC. To determine if TCI with rCS6 induces mucosally 
detectable antibody responses, IgG and S-lgA responses were analyzed in fecal, lung 
and vaginal specimens harvested from mice immunized on the skin with rCS6 and 
adjuvant. C57BL/6 mice were immunized three times with CS6 alone, LT/CS6, or 
CT/CS6. CS6-specific IgG was evaluated in fecal, lung and vaginal wash specimen 
collected nine weeks after the 3 rd immunization. Immunization with rCS6 alone failed 
to induce elevated CS6-specific IgG in either fecal, lung or vaginal wash specimen. In 
contrast, 3 of 3 animals in the CT/CS6 group contained detectable anti-CS6 IgG in 
both lung and vaginal wash specimens. Similarly, CS6 specific IgG antibody was 
observed in lung and vaginal specimen from the LT adjuvanted group and in fecal 
specimen from CT and LT adjuvanted groups, although the responses were less 
consistent. The method of collection with fecal samples may have hampered the 
consistency of fecal antibody results, especially if the responses were modest, and 
other collection methods are being investigated. 

Locally produced IgA is typically a dimeric protein associated with secretory 
chain (SC) that allows transport across the epithelial membranes. To determine if TCI 
could induce secretory IgA (S-lgA) production, animals were immunized twice on the 
skin with LT and the antigen-specific IgG. IgA and S-lgA titers evaluated in mucosal 
specimen by ELISA. As compared to specimen from naive animals, immunization with 
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Guinea pigs were exposed to increasing doses of LT {12 to 100 pg) and rCS6 (25 to 
200 pg) on the skin on days 0, 21 and 42. Serum was collected for serology on days 
1, 20, 41 and 56, and antibody titers to the antigen and adjuvant determined by 
ELISA. Similar to the results of the mouse studies, TCI administration of the rCS6 and 
5 LT vaccine resulted in induction of CS6 and LT antibody responses that appeared to 
be dose related with respect to CS6 and LT concentration (Table 2). The finding of 
serum antibody to CS6 was confirmed by the observation of ASC specific for CS6 in 
spleen and draining lymph node tissues. ELISPOT assay conducted on freshly 
isolated cells from sham PBS and CS6/LT immunized animals revealed a significant 
io elevation (p<0.05) in the number of rCS6-specific IgG producing cells in 4 of 4 of the 
antigen exposed animals. Antigen-specific IgA and IgM producing cells also seemed 
enhanced although the actual number of cells detected was smaller and less 
consistent (Table 3). 
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Table 2. Serum anti-CS6 and anti-LT IgG in guinea pigs after TCI with CS6 and LT 



Adjuvant/Antigen 

per mouse (pg) 


Mean serum IgG ( ELISA Units) 


Pre-bleed 3 wk 


6 wk 


8 wk 


LT(100)/CS6 (200) 


n-7 


n-7 


n=5 


n=3 


Anti-CS6 IgG 


30 


55 


1588 


4383 


Anti-LT IgG 


57 


104 


1258 


3764 


LT(50)/CS6 (100) 


n-10 


n= 10 


n=8 


n=1 


Anti-CS6 IgG 


23 


55 


1155 


12471 


Anti-LT IgG 


52 


87 


297 


4933 


LT(25)/CS6 (50) 


n=6 


n=6 


n=4 


n-2 


Anti-CS6 IgG 


24 


26 


103 


1084 


Anti-LT IgG 


43 


77 


106 


381 


LT(12)/CS6 (25) 


/ 1=6 


n=6 


n=4 


n=2 


Anti-CS6 IgG 


13 


26 


68 


243 


Anti-LT IgG 


35 


65 


112 


153 


PBS 


n=6 


n-6 


n=5 


n-2 


Anti-CS6 IgG 


18 


27 


54 


36 


Anti-LT IgG 


42 


73 


113 


95 . 



Two guinea pigs were designated for pathology per treatment group and one 
from the control group at each of the three exposures (Table 2). A full complement of 
5 tissues was subject to histopathologic evaluation in the high dose group. Tissues 
collected from the remaining groups (control, low, and mid range) were limited to the 
skin and liver. Gross necropsy and histopathology of the high dose group failed to 
demonstrate systemic lesions that could be attributed to the administration of the test 
article at any of the exposures. Hepatic necrosis was observed grossly in all animals 
io including the PBS controls, but there was no correlation of the finding with the 
treatment groups. Serum alanine aminotransferase, aspartate aminotransferase, 
alkaline phosphatase, sodium, potassium, and blood urea nitrogen were evaluated 
and determined to be normal in all treatment groups. 
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TCI with LT/CS6 resulted in minimal to mild inflammatory changes limited to the 
local site of exposure and increases in the dose above 25 pg LT/50 pg CS6 had no 
appreciable effect on the severity of the local response. Typical findings were 
infiltration of the superficial dermis by low numbers of granulocytes and lymphocytes 
(inflammation), mild thickening of the epidermis by hyperplasia of keratinocytes 
(acanthosis), and occasional small foci where epidermal cells had lost cohesion, 
resulting in the formation of intraepidermal vesicles containing free keratinocytes 
(acantholysis). Minimal changes were seen in the lowest dose group (LT 12 pg/CS6 
125 pg) at the three time points, and no skin changes were observed in the PBS 
exposed controls. In both mice and guinea pigs, there was no clinical progression in 
the severity of the skin findings with repeated immunization, and where seen, the 
vesicles either resolved or crusted and resolved spontaneously over several days. 

Table 3. Individual guinea pig anti-CS6 ASC and IgG antibodies induced by TCI 



Immunization 

Group 


Animal 




ASC per Million Cells 


IgG 


IgA 


igM 


PBS 


1 


1 


1 


2 




2 


2 


0 


4 


CS6/LT 


1 


8 


1 


12 




2 


42 


3 


1 




3 


31 


1 


4 




4 


63 


5 


7 



HUMAN EXAMPLES 

Healthy male and female volunteers, aged 18 to 45 years were recruited from 
the Washington, D.C. metropolitan area. Exclusion criteria included travel to an ETEC- 
endemic area in the previous year, recent history of traveler's diarrhea, pregnancy, 
infection with HIV, hepatitis B virus, hepatitis C virus, and allergy to antibiotics. 
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The vaccine components consisted of CS6 antigen mixed with LT . CS6 was 
produced under current good manufacturing practices (GMP) at the Forest Glen Pilot 
BioProduction Facility of the Walter Reed Army Institute of Research. The bacterial 
strain used for the production of CS6 was constructed from E. coli strain HB101 and a 
5 plasmid containing the four-gene operon necessary for CS6 expression inserted by 
recombinant techniques. The CS6 genes were cloned from ETEC strain E8875 (Wolf 
etal., 1997). The major steps in the production of CS6 included: bacterial 
fermentation; purification of the CS6 from the fermentation broth by tangential flow 
filtration followed by ammonium sulfate precipitation; intermediate storage of the bulk 
io CS6 protein in phosphate buffered saline (PBS) solution at-80°C; thawing, stirring, 
and distribution into vials; and storage at -80°C. CS6 was formulated as purified 
protein in 2 ml serum vials with gray split rubber stoppers sealed with aluminum 
crimps. Each vial contained 0.9 ml of (1.3 mg/ml) CS6 protein in PBS. Native LT of E. 
coli was produced under current GMP at the Swiss Serum and Vaccine Institute 
15 (SSVI). The LT was produced from E. coli strain HE22 TP 235 Km. The LT was 

supplied as lyophilized powder. Each vial contained 500 pg of lyophilized LT , and was 
reconstituted with 1 ml sterile water. The doses of adjuvant (LT) and antigen (CS6) by 
vaccination group are shown in Table 4. 

The vaccine was administered in three doses. The first dose was administered 
20 on day 0, and the second and third immunizations on days 28 and 84 respectively 
after the first immunization. The vaccine was administered transcutaneously using a 
semi-occlusive patch consisting of a 2x2 inch cotton gauze matrix (two-ply Kendall 
#2556) with a 2x2 inch polyethylene (Saran Wrap) backing covered by a 4x4 inch 
Tegaderm dressing (semi-occlusive, 3M cat # 1616). 

25 At the time of vaccination the vaccine was applied in 500 pi of sterile saline and 

administered as a split dose on each upper arm. Each split dose contained the 
corresponding dose of CS6 (antigen) alone or in combination with 250 pg of LT 
(adjuvant). The upper arm was positioned in a half-extended manner on an 
examination table and prepared by gently rubbing five times with an isopropyl alcohol 
30 (70%) swab. The cotton gauze was placed on each upper arm and the immunization 

solution was applied to the gauze with a syringe. The polyethylene backing was then 
placed over the impregnated cotton gauze and covered with the Tegaderm dressing. 
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Volunteers remained in the research clinic for 20 min following patch application for 
observation. Volunteers were instructed not to touch the patches or engage in 
strenuous physical activity during the time the patches were worn. The patches were 
removed 6 hr after application (range: 4-8 hr). The immunization sites were then 
rinsed with 500 ml of water and patted dry. The volunteers were instructed to bathe or 
shower in the evening but to refrain from heavy scrubbing of the immunization site 
with soap to avoid unusual irritation of the skin. Volunteers were re-immunized at 28 
and 84 days after the first immunization. Each volunteer received the same dose of 
vaccine on each immunization. 

Volunteers were observed for 20 min after each dose for occurrence of 
immediate adverse effects. The volunteers were given a diary to record signs and 
symptoms observed after vaccination. Reported symptoms were graded as mild 
(noticeable), moderate (affecting normal daily activities), or severe (suspending 
normal daily activities). The volunteers were evaluated at 24 hr and 48 hr for clinical 
assessment and evaluation of possible side effects. Volunteers who showed signs of 
vaccine skin reactions were instructed to return to the clinic at 72 hr for additional 
clinical assessment. Volunteers were then followed as needed until side effects had 
completely resolved. One of the volunteers who developed a skin rash in the site of 
immunization was asked to undergo a skin biopsy. This biopsy was performed by a 
dermatologist, following standard procedure, and under a separate written informed 
consent. 

Antibody-secreting cells (ASC) immune responses to the vaccine antigens 
were chosen as an immunological endpoint for this study, since previous studies have 
shown that ASC responses correlate with mucosal intestinal immune responses 
(Wenneras et at., 1992). Venous blood samples were obtained from the volunteers on 
day 0 before immunization, and on days 7, 28, 35, 56, 84, 91, 98, and 112 after the 
first immunization. Blood specimens were collected using the VACUTAINER system 
of EDTA-treated tubes (Becton Dickinson). Peripheral blood mononuclear cells 
(PBMC) were isolated from the blood sample by gradient centrifugation on Ficoll- 
Hypaque (Sigma) and were assayed for total and vaccine-specific numbers of IgA and 
IgG ASC by the ELISpot technique (Czerkinsky et at., 1988; Wenneras et at., 1992). 
Individual wells of nitrocellulose-bottomed 96-well plates (Millititer HA; Millopore, 



SUBSTITUTE SHEET (RULE 26 ) 




WO 02/064162 



PCT/U SO 2/04254 



58 

Bedford, MA) were coated with 0.1 ml of purified CS6 (20 pg/ml) or GM 1 ganglioside 
(0.5 jig/ml) and incubated overnight at 4°C. After a PBS wash, GMI-coated wells were 
exposed to LT (0.5 pg/ml) for 2 hr at 37°C. After being washed with PBS, the plates 
were blocked with complete RPMI medium (Gibco) supplemented with 5% fetal calf 
serum (Gibco) and 50 pg/ml gentamicin (Gibco). The PBMC were adjusted to 2 x 10 7 
viable cells/ml in complete RPMI medium. A final 0.1 ml suspension of PBMC was 
added to each well (1 x 10 6 PBMC added per well), and plates were incubated for 4 hr 
at 37°C in 5.0% CO 2 . Plates were washed, incubated overnight at 4°C with a mixture 
of two affinity-purified goat anti-human immunoglobulin antibodies with distinct isotype 
specificities, one conjugated to alkaline phosphatase (IgG) and the other conjugated 
to horseradish peroxidase (IgA) (Southern Biotech Associates) and exposed to the 
appropriate chromogen-enzyme substrate (Sigma). Spots, corresponding to a zone of 
antibodies secreted by individual cells, were enumerated in triplicate wells under 40X 
magnification, with data expressed as the number of spot-forming cells per 10 6 PBMC. 

As previously described (Ahren et a/., 1998; Jertbom et a/., 1998, Jertbom et 
al., 2001), we defined a positive ASC response as a > 2-fold increase over baseline 
value of the ASCs per 10 6 PBMC, when the number of ASCs was > 0.5 per 10 6 PBMC 
in the baseline sample. If the number of preimmune ASCs was less than 0.5 per 10 6 
PBMC, a value of > 1.0 per 10 6 PBMC after dosing was considered a positive 
response. 

Venous blood samples were obtained from the volunteers before immunization 
and on days 14 and 28 after each immunization for measurements of serum antibody 
titers. IgA and IgG antibody titers against LT were measured by the GM1 -ELISA 
method (Jertborn et al., 1998; Svennerholm et al., 1983), and those against the CS6 
were determined by ELISA methods as previously described (Hall et al., 2001; Stoll et 
al., 1986). LT (provided by SSVI) and CS6 (GMP Lot 0695, WRAIR) were used as 
solid-phase antigens. The LT and CS6 used for the ELISA essays were from the 
same lots used for the vaccine preparation. Individual microtiter wells (Nunc- 
Immunoplates) were coated with GM1 ganglioside (0.5 pg/ml) (Sigma) at room 
temperature overnight, or with 0.1 ml of a 1.0 pg/ml preparation of CS6 at 37°C 
overnight. GMI-coated wells were then washed with PBS and incubated with 0.1 ml of 
LT (0.5 pg/ml) for 2 hr at 37 e C. After blocking with 0.1% bovine serum albumin 
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(Sigma), the serum samples were threefold serially diluted (initial dilution 1 :5) and 
then incubated at room temperature for 90 min. Bound antibodies were demonstrated 
by addition of rabbit anti-human IgA or IgG conjugated with horseradish peroxidase 
(Jackson ImmunoResearch Laboratories, PA) and incubated at room temperature for 
90 min, followed by addition of O-phenylenediamine (0PD)-H 2 02 (Sigma). The 
endpoint titers were assigned as the interpolated dilutions of the samples giving an 
OD of 450 nm of 0.4 above background (absorbance at 450 nm). Titers were adjusted 
in relation to a reference specimen included in each test to compensate for day-to-day 
variation. For both antigens, pre- and post-dosing serum samples from the same 
volunteer were always tested side by side. The antibody titer ascribed to each sample 
represented the geometric mean of duplicate determinations performed on different 
days. Reciprocal endpoint titers < 5 were assigned a value of 2.5 for computational 
purposes. Based on our calculations of the methodological error of each ELISA, 
previous to the study, we defined a significant response (seroconversion) as > two- 
fold increase in endpoint titer between pre- and post-immunization specimens 
(Jertborn et al., 1986), with the added criterion that the post-immunization reciprocal 
titer be > 1 0. 

All volunteers receiving the three scheduled doses of vaccine were included in 
the post-dosing safety and immunogenicity analyses. Proportions were compared 
using the 2 x n x 2 test at a = 0.05, power = 0.80. The Fisher’s exact test was used in 2 
x 2 tables when the number contained in one of the cells was less than 5 (Sahai & 
Khurshid, 1995). The median number of ASC and median plasma antibody titer fold 
increases were compared separately using the Wilcoxon rank test to assess the 
boosting effect of each consecutive dose of vaccination (Forrester & Ury, 1969). All 
statistical tests were two-tailed. 

Informed consent was obtained from all volunteers, and the human use 
guidelines of the U.S. Department of Defense were followed in the conduct of this trial. 
Thirty-three volunteers were enrolled and received at least one dose of the study 
vaccine. The protocol was approved by the Institutional Review Board of the Office of 
The Surgeon General, U.S. Army. The volunteers were 21 to 44 years of age; 17 
females and 16 males; 15 black, 16 white, and two Asian. Of the 33 volunteers, seven 
did not complete the study for reasons unrelated to the study: conflict with their work 
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schedule (4), moving from the D.C. metropolitan area (2), and admission to a local 
clinic for illegal drug use (1). Twenty-six volunteers received the three scheduled 
doses of the vaccine and completed all the post-vaccination follow-up visits, and the 
data on these volunteers is shown. These volunteers were 21 to 44 years of age; 13 
5 females and 13 males; 12 black, 12 white, and two Asian. The number of volunteers 
by vaccine dose is shown in Table 4. 



Table 4. Number of volunteers by vaccine group (n=26) 



Dose of Adjuvant (LT)* 


Dose of antigen (CS6)* 


500 pg 


0 pg 


250 pg 


5 


2 


500 pg 


5 


1 


1000 pg 


5 


1 


2000 pg 


4 


3 


Total 


19 


7 



* Dose was split between two patches 



Of the volunteers receiving a combination of LT/CS6, 74% (14/19) developed a 
10 maculo-papular rash at the site of vaccination. No volunteers receiving CS6 alone 
developed a rash. The reaction was mild in 13 volunteers and moderate in one 
volunteer. White volunteers developed the rash significantly more frequently than 
black volunteers (11/11 vs. 3/8, p < 0.005). Seven reactions occurred after the 
administration of the 2nd dose and 14 occurred after the third dose; all 7 volunteers 
15 with a 2nd dose-related rash also developed the rash after the application of the 3rd 
dose. The clinical diagnosis was cpntact dermatitis (delayed type hypersensitivity- 
DTH). One volunteer with the characteristic rash underwent a biopsy of the affected 
skin after receiving the third dose of LT/CS6. The biopsy showed mild dermal chronic 
inflammation (lymphocytic) with focal spongiosis. The pathological diagnosis was sub 
20 acute spongiotic dermatitis, characteristic of DTH. The rash usually began within 24 
hrs after patch application. Rash developing after the second dose lasted a median of 
9 days, (range 1-14); the third dose rash lasted a median of 6 days, (range 1-11). 
Volunteers were offered 0.1% triamcinolone cream for relief of potential vaccine 
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related symptoms. None of the subjects used the cream after the first or second 
immunizations. Eight patients with rashes that occurred after the third dose were 
treated with the triamcinolone cream. There were no apparent clinical differences 
regarding the appearance and severity of local symptoms (pruritus) or signs 
5 (erythema, papules) when compared by vaccination dose. There were no statistically 
significant differences in the magnitude of the serological immune responses between 
the users of triamcinolone cream as compared to non-users. 

Immune responses were detected only in volunteers receiving both adjuvant 
and antigen, although one volunteer who received only two doses of CS6 alone had a 
io positive anti-CS6 IgA response (but no CS6 IgG) at a single time point. There were no 
significant differences in the frequency or the magnitude of the serum antibody or ASC 
responses to LT and CS6 between the four groups that received the adjuvant and 
antigen combination; therefore, data were pooled for further statistical analysis and 
presentation. All volunteers (100%) receiving LT demonstrated a serum anti-LT IgG 
15 response, and 90% produced anti-LT IgA. Anti-CS6 serum antibody responses rates 
were lower than the anti-LT response rate with 68% and 53% of volunteers showing 
greater than two-fold rise in anti-CS6 IgG and IgA titers, respectively. The individual 
peak fold rises in serum antibodies to LT and CS6 are depicted in Figure 1. Robust 
responses to both LT and CS6 were observed with serum antibodies, although there 
20 was a great deal of variability in the magnitude of the response. The mean anti-LT IgG 
response to LT exceeded the mean fold response previously described by nearly a log 
(Glenn et ai, 2000), and was greater than the response to CS6. 

The kinetics of the serum antibody responses are depicted in Figure 2. The 
post-dose serum antibody titers for each group were combined and are presented as 
25 geometric mean titers with 95% confidence intervals. The kinetics of the immune 

responses to LT differ markedly from the kinetics of the response to CS6 in that strong 
priming and boosting responses to LT were seen whereas the CS6 responses were 
primarily seen with boosting. Memory responses to CS6 appear to occur, as 
suggested by the significant difference in the pooled anti-CS6 IgG and IgA responses 
30 after both the second and third immunization. 

The percent of ASC response rate and median number of antigen-specific ASC 
x 10 PBMC are shown in Table 5. Both CS6 and LT-specific ASC were detected. The 
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time and magnitude of peak number ASC for each individual responder by specific 
ASC type are depicted in Figure 3. In the majority of responders, peak ASC were 
detected after the second or third immunization. All seven volunteers that 
demonstrated anti-CS6 IgG ASC had their peak number of ASC after the third 
5 immunization. 

Table 5. Antigen-specific ASC responses (n=19) 

ASC type Number of responders (%)* Median Number ASC 

per 10 6 PBMC (range)** 



Anti -LT IgG 


15(79) 


9 (1.3-49) 


Anti -LT IgA 


7(37) 


2.4 (1.3-46) 


Anti — CS6 IgG 


7(37) 


6 (1.7-77) 


Anti -CS6 IgA 


8(42) 


2.4 (1.7-12) 



* A positive ASC response was defined as a > 2-fold increase over baseline value of 
io the ASCs per 10 6 PBMC, when the number of ASCs was > 0.5 per 10 6 PBMC in the 
baseline sample. If the number of preimmune ASCs was less than 0.5 per 10 6 PBMC, 
a value of > 1.0 per 10 6 PBMC after dosing was considered a positive response. 

** Only positive responses were included when calculating the median number of ASC 
(range). 

15 

Enterotoxigenic Escherichia coli (ETEC) is one of the most common causes of 
childhood diarrhea in developing countries. It is also the principal cause of traveler's 
diarrhea. Clinical manifestations of disease are caused by the bacteria secreting one 
or two enterotoxins, heat-labile enterotoxin (LT) and the poorly immunogenic heat- 
20 stable enterotoxin (ST), both interact with the intestine to cause watery diarrhea 
characteristic of the disease. A requirement for infection is the ability of ETEC 
organism to adhere to the intestinal epithelium. This occurs through structures on the 
outer membrane called fimbrie. As a class, these structures are antigenically distinct 
and named colonization factor antigens (CFA). To date, 20 different colonization 
25 factors (CF) have been identified. The most prevalent, and relevant to human disease, 
include CFA/I, CFA/II and CFA/IV. CFA/II is composed of three separate antigens 
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named as coli surface antigen 1 (CS1), CS2 and CS3. CFA/IV is composed of three 
antigens, CS4, CS5 and CS6. 

The age-associated decline in the incidence of ETEC infections in the 
developing world has been attributed to the development of protective immunity. 
Epidemiology studies demonstrate that infants infected become resistant (protected) 
from reinfection with the same strain. It was shown that volunteers experimentally 
infected are protected from rechallenge with a homologous strain. Human volunteers 
challenged with a heterologous ETEC strain are not protected against clinical disease. 

The CFA’s have been identified as likely candidates for evaluation of ETEC 
vaccines. However , for broad range coverage against natural infection, an ETEC 
vaccine must consist of multiple colonization factor antigens. The broadest range of 
coverage (80% - 95%) requires the development of a multivalent vaccine consisting of 
several CFA (CS3, CS6 and CFA/I) and enterotoxin (LT and ST). Although oral 
administration is possible, these protein antigens are sensitive to hydrolysis at low pH 
and enzymatic degradation in the stomach. In addition, large doses of the vaccine are 
required for oral vaccination are not practical as a product. ETEC vaccine is not 
amenable to other routes of administration since the enterotoxins (LT and ST) are 
reactogenic (diarrhea) and inflammatory when administered by other routes, including 
oral, nasal, pulmonary, rectal and parenteral. 

The efficiency and safety of TCI has been applied to this vaccination problem. 

In the following examples, it is demonstrated that multivalent combinations of CS3, 
CS6, CFA/I, LT and ST can be effectively delivered through the stratum corneum with 
or without penetration enhancement and they induce an immune response against 
each component of the multivalent vaccine. Vaccination by TCI requires a low dose of 
the antigens (CS3, CS6 and CFA/I) and the immune response is significantly 
augmented by simultaneous co-administration of an adjuvant. TCI can be preformed 
safely and without eliciting serious, adverse side effects. We describe antigen and 
adjuvant doses that are effective, dosing regimens, methods for optimizing delivery of 
the vaccine into the skin to antigen presenting cells, and formulations which are 
stabilizing and pharmaceutically acceptable for transcutaneous immunization. 
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MATERIALS AND METHODS 

Preclinical studies were conducted to establish the optimal method for TCI with 
a complex mixture of CFA and LT. The objective of the following study was to 
demonstrate the feasibility of transcutaneous vaccination with mixtures of CS3, CS6, 
CFA/I, LT and STa. In these studies, adult C57BL/6 mice (7-8 weeks old) were used. 

Mice were shaved on the dorsal, ventral surface at the base of the tail (24-48 
hrours) prior to vaccination. All mice were anesthetized by intraperitoneal injection of 
25 pi of a mixture of ketamine (100 mg/ml) and xylazine (100 mg/ml). The shaved site 
was pretreated by hydration with saline or a mixture of 10% glycerol and 70% 
isopropyl alcohol. While still fully hydrated, the skin was gently treated by one of two 
methods to disrupt the outermost layer of skin, the stratum corneum (SC). Tape 
stripping was preformed by applying 3 M or D-squame® adhesive tape to the 
prepared surface followed by gentle removal of the tape 10 times. Alternatively, the 
hydrated skin was pretreated by mild abrasion with emery paper (GE Medical 
Systems) or a swab containing pumice (PDI/NicePak). The skin surface was gently 
buffed 10 times using an up-and-down motion. Immediately prior to application, a Nu- 
gauze pad (-1 cm 2 ), affixed on an adhesive backing, was loaded with 25 pi volume 
containing different combinations of CS3 (25 pg), CS6 (25 pg), CFA/I (25 pg), STa (8 
pg) and LTR192G (25 pg). The vaccine-loaded patches were applied overnight (-18 
hr), removed, and the skin rinsed with water. All mice received two or three doses two 
weeks apart on day 0, 14 and 28. 

Peripheral blood was obtained by lacerating the tail vein. The blood was 
collected in a tube, allowed to clot, centrifuged, and the serum collected. Serum 
samples were collected on day 0 (pre-immune), day 14, day 28 and day 42 (two 
weeks after the third dose). The serum was frozen at -20°C until evaluated for 
antibodies to the vaccinating antigens (CS3, CS6, CFA/I and STa) and adjuvant 
(LTR192G). The latter was provided by the U S. Navy Medical Research Center. 

Fecal samples were collected on day 35 (7 days after the third immunization). 
Fresh samples were collected from each mouse and extracted with PMSF (3 pg/ml in 
saline). The samples were agitated (Vortex mixer) to form a suspension and clarified 
by centrifugation (3,000 rpm, Microfuge). The clarified supernatants were recovered 
and stored at -20°C until evaluated with an ELISA method for mucosal IgG and IgA. 



SUBSTITUTE SHEET (RULE 26) 




WO 02/064162 



PCT/US02/04254 



65 

An enzyme linked immunosorbent assay (ELISA) method was used to assess 
the serum IgG. Ninety-six well plates were coated with 1 pg antigen/100 pi per well 
overnight at 4°C. After washing with phosphate buffered saline and Tween 20 (PBS- 
T), the plates were blocked with 100 pi of blocking buffer (0.5% casein and 0.5% 
bovine serum albumin) for 1 hr at room temperature. After washing the plates with 
PBS-T, the samples were serially diluted (serum samples 3-fold serial dilution and 
fecal samples 2-fold serial dilution). The plates were incubated overnight at 4°C. The 
plates were washed with PT buffer and 100 pi of optimally diluted (1:2,000) goat anti- 
mouse IgG conjugated with HRP (Bio Rad) or HRP conjugated goat anti-mouse IgA 
(Zymed) was added to each well. The plates were incubated for 2 hr at room 
temperature, washed with PT buffer and 100 pi of substrate ABTS (KPL) was added 
to the wells and the reaction allowed to develop for 30 min. The reaction was stopped 
by adding 100 pi of 1% SDS solution (Gibco). The optical density was read at 405 nm 
with an ELISA plate reader and the data analyzed using Softmax Pro 2.4 software 
(Molecular Devices). 

Serum antibodies to formalin inactivated ETEC whole cells were determined by 
the ELISA method. Enterotoxigenic E. coli strain E243778 were cultured in on agar 
plates, the cells harvested and inactivated in 2.5% formalin overnight at room 
temperature. The wells were coated with 5 x 10 s killed whole cells (EWC). The plates 
were prepared as described for other antigens. Serum antibodies to EWC was 
determined by the method described above. 

Mice were sacrificed by asphyxiating with carbon dioxide and the spleen and 
inguinal lymph nodes removed. The tissues were maintained on ice in tubes 
containing RPMI 1640 medium (Gibco). Single cell suspensions were prepared by 
grinding the tissue with the barrel of a 5 cc syringe. Tissue debris was allowed to 
settle to the bottom of the tube and the cell suspension was transferred to another 
tube. The cells were washed twice with RPMI 1640 medium and suspended in culture 
medium (RPMI 1640, 10% FBS, 2 mmol of L-glutamine and 2 mmol pen-strep). 

Ninety-six well filtration plates (Millipore Bedford, MA) were coated with 100 pi 
of 3 pg/ml antigens in PBS and incubated overnight at 4°C. The plates were rinsed 
three times with PBS, blocked with 2% BSA (Sigma) for 1 hr and rinsed with PBS. 
Cells were dispensed at 100 pi per well in culture medium (RPMI 1640, 10% FBS, 2 
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mmol of L-glutamine and 2 mmol pen-strep) and plates were incubated overnight at 
37 °C in a humidified 5% C0 2 incubator. The plates were washed four times with 
PBS-0.05% Tween 20 (PBS-T). The cells were lysed by hypotonic shock with water. 
One hundred pi of biotin conjugated goat anti-mouse IgA (Southern Biotechnology) or 
5 biotin conjugated goat anti-mouse IgG (Amershan) 1 :2000 dilution in 2% BSA in PBS. 
The plates were incubated at room temperature for 2 hr. After the plates were washed 
with PBS-T, 100 pi of alkaline phosphatase-labeled avid in D antibody (Vector) 1:2000 
were added to each well and incubated for an additional 2 hr at room temperature. 

The plates were washed with PBS-T and 100 pi of BCIP/NBT solution (Kirkegaard & 
io Perry) was added to the wells and the plates incubated 5 to 30 min at room 

temperature until blue spots develop. The plates were washed with distilled water to 
stop the reaction. Antigen specific ASC were visualized as blue spots, which were 
counted with a dissecting microscope and recorded as IgG-ASC or IgA-ASC per 1 0 6 
cells. 

15 

In vitro assay for characterizing neutralizing antibodies to the ETEC enterotoxin LT 
Heat-labile enterotoxins from E. coli (LT) is produced as a multisubunit toxins 
with A and B subunits. After the initial interaction of the enterotoxin with the host cell 
membrane receptor (GM1 ganglioside), the B subunit facilitates the penetration of the 
20 A subunit through the cell membrane and into the eukaryotic cell. With chemical 

reduction, this A subunit dissociates into two smaller peptides: Ai catalyzes the ADP- 
ribosylation of the stimulatory GTP-binding protein in the adenylate cyclase enzyme 
complex on the basolateral surface of the epithelial cells. This results in increasing the 
intracellular level of cyclic AMP (cAMP). The increase in cAMP causes secretion of 
25 water and electrolytes into the small intestine resulting in clinical disease. 

In cell culture, LT binds with high affinity (Ko = 7.3 x 10' 10 ) to the GM1 
gangiloside receptor, which is expressed by many eukaryotic tissues and cells. LT 
causes striking morphologic changes to many eukaryotic cells (for example, CHO and 
Y1 ) in cell culture. Using this property, an in vitro assay method was developed to 
30 determine if antibodies elicited through TCI inhibit LT (neutralize) binding to the GM1 
ganglioside receptor. In these studies, CHO cell were cultured in FI 2 medium 
supplemented with 10% fetal calf serum (FCS). The cells were maintained in log 
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phase growth at 37°C in 5% CO 2 . The cells were trypsinized from T flasks and plated 
into 96 well plates at 5 x 10 3 in 0.2 ml of FI 2 supplemented with 1% FCS. Pre- 
immune (day 0) and post-immune (day 321) sera were collected from volunteers that 
had been transcutaneously vaccinated with LT and determined by the ELISA method 
to have antibodies to LT. These sera were diluted 1 :4 with culture media and 2-fold 
serially diluted up to 1:8192. An equal volume of diluted serum was mixed with LT for 
1 hr at 37°C. Fifty pi of serum/LT (containing 6.5 ng LT) was transferred to duplicate 
freshly plated CHO cells cultures (5 x 10 3 cells in 150 pi medium). The cells were 
cultured at 37°C for 24 hr. At the end of the culture period, the media was removed, 
the cells washed with FI 2, fixed with methanol and stained with Giemsa stain. The 
cultures were examined with a inverted light microscope and cultures graded for 
normal appearance or elongated morphology. The results were expressed as the 
lowest dilution of serum that blocked (neutralized) cell elongation by greater than 90% 
within the culture. 

Methods for conjugating heat stable toxin (STa) to LT or other carrier protein to 
improve immunogenicity and transcutaneous delivery 

STa (lot 1 184A, List Biological) conjugation to LT involves two steps. The first 
step was to maleimide activate LT, 400 pg of LT (lot 200100, Berna Biotech) was 
dissolved in 400 pi of 0.1 M phosphate buffer 0.15 M NaCI buffer (pH 7.2). 160 pi of 
succinmidy1-6[(li-maleimidopropipropionamido0 hexanoate] (SMPH, Pierce) about 8 
pi to LT solution and incubated for 90 min at room temperature. The reaction was 
desalted on a desalting column (Pierce) by using PBS and fractions were collected. 
The activated LT peak was pooled and protein determined by a BCA assay (Pierce). 
The second step is conjugation; 80 pg of STa was mixed with the maleimide activated 
LT and incubated overnight at 4°C. The ST-LT conjugate was dialyzed against 500 ml 
PBS buffer. 

Purified STa (100 pg) was coupled to 800 pg of chicken egg ovalbumin (OVA, 
Sigma) in 1 ml of reaction mixture containing 10 mg of 1 -ethyl-3- (3-dimethyl- 
aminopropyl)-carbodiimide (Pierce) and 0.1 M sodium phosphate buffer (pH 5.5). The 
reaction mixture was dialyzed against phosphate buffer saline (20 nm, pH 7.2, PBS) 
for 4 hr. 



SUBSTITUTE SHEET (RULE 26) 




WO 02/064162 



PCT/US02/04254 



68 

Conjugation was confirmed by shift in the molecular weight of ovalbumin and 
LT-B using SDS-PAGE method. Each sample was dissolved in 4x sample buffer 
(Invitrogen) and heated 100°C for 5 min and analyzed the NuPAGE 4-12% Bis-Tris 
gel (Invitrogen). After electrophoresis, protein bands were visualized using a silver 
staining kit (Invitrogen) and molecular weights of the conjugates were determined 
relative to internal reference standards run on the gels. 

Example 1 . Comparison of the serum IgG response to transcutaneous and 
intradermal vaccination with ETEC colonization factors 

The purpose of this study was to compare the immune response elicited by 
transcutaneous vaccination, to that of intradermal, vaccination with CS3 and CS6. 
Groups of mice were pretreated by tape stripping 10 times to remove the stratum 
corneum. Groups of 5 mice then transcutaneously vaccinated with CS3 (25 pg), CS6 
(25 pg) with and without 1 0 pg of LTR1 92G adjuvant. Patches were loaded with a 25 
pi volume containing CS3 or CS6 alone or CS3 plus LTR192G or CS6 plus LTR192G. 
The patches were applied overnight (-18 hr). Separate groups of mice were injected 
intradermal with 25 pg of CS3 or CS6. All mice received three vaccinations (day 0, 14 
and 28). Sera were collected two weeks after the third immunization and evaluated for 
antibodies to CS3, CS6 and LTR192G. 

The results shown in Figure 4 demonstrate that CS3 and CS6 elicit serum 
antibodies when epicutaneously applied to the skin. The serum antibody response 
were further enhanced by co-administration of low doses of LTR192G (10 pg). As 
depicted in Figure 4, serum titers to CS3 and CS6 were increased 2-fold and 12-fold, 
respectively, by addition of LTR192G adjuvant. Intradermal injection of CS3 elicited a 
high titer response (1:273,695) compared to epicutaneous application (1:30,581). 
Transcutaneous vaccination with CS6 elicited very high-titer antibodies (1:188,984), 
which were 10-fold greater compared to intradermal injection of CS6 (1:17,036). In 
addition, high antibody titers to LTR192G were also detected whether the LTR192G 
was epicutaneously applied alone or in combination with CS3 or CS6. These results 
demonstrate that high molecular weight ETEC antigens (CS3, -3 megadaltons and 
CS6 -1 megadalton) are immunogenic when administered in a patch on skin that has 
been pretreated to remove the stratum corneum. The magnitude of the immune 
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response is greatly enhanced by co-administration of an adjuvant (LTR1 92). The 
mutant LTR192G also elicits production of high titer antibodies against itself when 
epicutaneously applied alone or in combination with CS3 or CS6. 

Example 2. Transcutaneous vaccination with divalent and trivalent combinations of 
ETEC subunit vaccines 

Skin was pretreated as described in Example 1 . Mice were transcutaneously 
vaccinated with patches containing 25 pg CS3/10 pg LTR192G; 25 pg CS6/10 pg 
LTR192G; or a cocktail of 25 pg CS3/25 pg CS6/10 pg LTR192G. The results are 
shown in Figure 5. These results demonstrate that the trivalent vaccine combination 
(CS3/CS6/LTR192G) elicited serum IgG titers that were comparable to the divalent 
vaccines (CS3/LTR192G and CS6/LTR192G). 

This clearly demonstrates the feasibility of combining multiple ETEC subunit 
vaccines into a single patch and that multiple subunits vaccines can be co- 
administered without negatively affecting the magnitude of the immune response to 
either subunit (/.e., CS3 or CS6) 

Example 3. TCI with CS3/CS6 with and without co-administered LTR192G adjuvant 
The next study was undertaken to determine if LTR192G would adjuvant the 
immune response to an epicutaneously administered combination of CS3 and CS6. 
The animals were pretreated as described in Example 1 and the vaccine loaded 
patches were applied (overnight) to the pretreated skin (base of tail). The results 
shown in Figure 6 demonstrate that the immune responses to CS3 and CS6 were 
greatly enhanced 5-fold and 24-fold, respectively, be addition of 1 0 pg LT to the 
trivalent mixture. This establishes that it is feasible to transcutaneously vaccinate with 
three ETEC antigens. LTR192G is an important adjuvant and antigen, and it enhances 
the immune response to CS3 by 5-fold and CS6 by 24-fold. 

Example 4. CS3 and CS6 molecules are antigenically distinct 

The specificity of the immune response to CS3 and CS6 was determined. Mice 
were pretreated with tape stripping and received two patches: one on day 0 and the 
other on day 14. Groups of animals were vaccinated with 25 pg CS3/10 pg LTR192G 
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or with 25 pg CS6/10 pg LTR192G. Ten days after the second dose (day 24) serum 
was collected and evaluated for antibodies to CS3 and CS6. The results shown in 
Figure 7 demonstrate that vaccination with CS3 elicits specific antibodies that did not 
exhibit cross-reactivity with CS6. Likewise, antibodies to CS6 did not recognize CS3. 

5 These results clearly show that immunity to CS3 and CS6 is highly specific and that 
ETEC vaccines intended for broad range protection against enterotoxigenic E. coli 
strains will need to be multivalent. 

Example 5. TCI with CS3 and LTR192G elicits IgGI and lgG2a subclass antibodies 
io Mice were pre-shaved at the base of their tails and the skin was hydrated with 

10% glycerol and 70% isopropyl alcohol. Their hydrated skin was pretreated with 
emery paper 10 times. Groups of mice were vaccinated with 25 pg CS3 alone or with 
a combination of 25 pg CS3/ 10 pg LTR192G. The mice were transcutaneously 
vaccinated on three times (day 0, 14 and 28) and serum collected 30 days after the 
15 third immunization (day 58). The results shown in Figure 8 demonstrate that IgGI is 
the major IgG subclass elicited here. IgGI titers were greater when the LTR192G 
adjuvant was co-administered with CS3. In addition, measurable antigen specific 
lgG2a was also detected. lgG2a subclass, however, was only detected when the 
adjuvant was co-administered. These results confirm and extend the previous 
20 observation that the LTR192G adjuvant does augment the serum antibody response 
to CS3 and further demonstrates that the adjuvant may also direct Th2 and Thl 
immune responses to antigens delivered by the epicutaneous route. 

Example 6. TCI with CS6 and LTR192G elicits IgGI and lgG2a subclass antibodies 
25 The mice were shaved and pretreated as described in Example 5. Groups of 

mice were transcutaneously vaccinated with 25 pg CS6 alone or with a combination of 
25 pg CS6/10 pg LTR192G. The mice received three vaccinations (day 0, 14 and 28) 
and serum was collected 30 days after the third immunization. The results in Figure 9 
demonstrate that LTR192G did adjuvant (i.e., augment) the serum IgG response to 
30 CS6. As with CS3, antibodies to CS6 were both IgGI and lgG2a subclasses. The 
generations CS6-specific lgG2a, however, was dependent upon use of the LTR192G 
adjuvant. 
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Example 7. Serum IgG subclasses elicited to LTR192G following TCI 

Mice were pretreated by the same procedure described in Examples 5 and 6. 
The mice received three transcutaneousvaccinations (day 0, 14 and 28) and serum 
was collected 30 days after the third immunization (day 58). The results shown in 
Figure 10 show that IgGI was a major serum antibody subclass elicited by TCI. As 
with CS3, CS6, LTR192G-specific lgG2a subclass was also elicited by TCI. 

Example 8. Serum IgG subclasses elicited to LTR192G when co-administered with 
CS3 or CS6 in TCI 

Mice were pretreated by the procedures described in Examples 5-7. In this 
study, 10 pg of LTR192G was admixed with 25 pg of CS3 or 25 pg CS6. Groups of 
mice received three transcutaneous vaccinations on day 0, 14 and 28 and serum was 
collected 30 days after the third immunization (day 58). As was observed in Example 
7, serum IgGI was the major subclass antibody elicited against LTR192G (Figure 11). 
Measurable lgG2a was also produced. This study further demonstrates that 
vaccination with a combination of CS3/LTR192G or CS6/LTR192G did not negatively 
affect the production of antibodies to the adjuvant. These results indicates that as a 
component of the ETEC vaccine LTR192G serves a dual purpose, as an adjuvant and 
as an antigen in the vaccine. 

The significance of IgG subclass characterization is related to the mechanism 
by which a transcutaneous ETEC vaccine might protect against natural infection. 
These results demonstrate that transcutaneous vaccination elicits two subclasses of 
IgG antibody that are expected to function differently in protecting the host against 
natural infection. These mechanisms are by “neutralization” and “complement 
mediated cytotoxicity. IgGI antibodies to CS3 and CS6, for example, are expected to 
function by blocking (neutralizing) the ability of CS3* and CS6* ETEC strains from 
colonizing the small intesting, a step that is essential to pathogenesis. lgG2a class 
antibodies are expected to protect the host from infection by a different mechanism. 
This class of antibody, when in complex with CS3 or CS6 antigens on the surface of 
enterotoxigenic E. coli, will mediate the activation of complement, which through a 
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series of enzymatic steps, will result in the lysis (killing) of the bacterial cells. Both 
mechanism are effective in protecting the subject against infection. 

Example 9. Mucosal immune response to CS3 antigen after TCI 
5 The mucosal (gastrointestinal) immune response elicited by TCI with ETEC 

subunit vaccines was characterized. A study was conducted to determine if TCI with 
CS3 with and without the LTR192G would result in the production of antibodies in 
gastric mucosa. Mice were shaved (48 hr in advance) at the base of the tail, the skin 
hydrated and tape stripped 10 times. Vaccine-loaded patches were placed over the 
io pretreated skin. Groups of mice received patches with the following formulations: 

phosphate buffered saline (PBS); 25 pg CS3 alone; and 25 pg CS3/10 pg LTR192G. 
The patches were applied overnight. A separate group of mice was vaccinated by 
intradermal injection of 25 pg CS3. All mice received three vaccinations on day 0, 14 
and 28. Fresh fecal samples were collected 7 days after the third immunization (day 
is 35). Samples were processed as described in Materials and Methods. Vaccination 
with CS3 alone did not elicit antigen-specific antibody, with the exception of one 
animal (Figure 12 B and C). Mice vaccinated with CS3/LTR192G developed 
detectable fecal IgG to CS3. Fecal IgA to CS3 was low level (Figure 12 C and G). 
Intradermal vaccination with CS3 resulted in measurable fecal IgA and IgG titers to 
20 CS3. 

Example 10. Mucosal immune responses to CS6 antigen after TCI 

Mice were pretreated and immunized as described in Example 9. Groups of 
mice were transcutaneously vaccinated with patches containing the following 
25 formulations: phosphate buffered saline (PBS), 25 pg CS6; and 25 pg CS6 with 10 pg 
LTR192G. The patches were applied overnight. A separate group of mice was 
immunized by intradermal injection with 25 pg CS6 alone. All mice received three 
vaccinations (days 14 and 28) and fecal samples were collected 7 days after the third 
immunization. These results are shown in Figure 13. Mice receiving CS6 alone 
30 developed little or no detectable fecal IgA or IgG (panels B and F). Mice which were 
transcutaneously vaccinated with CS6/LTR192G had low-titer, but measurable, CSS- 
specific IgA (panel C). The CS6-specific IgG was readily detected in samples from all 
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mice (panel G). Mice receiving intradermal CS6 did develop measurable antigen- 
specific IgA and IgG (panels D and H, respectively). 

Example 1 1 Mucosal immune responses to LTR192G antigen after TCI 

Mice were pretreated and immunized as described in Example 9. Groups of 
mice were transcutaneously vaccinated with patches containing the following 
formulations: phosphate buffered saline (PBS); 10 pg LTR192G alone; 25 pg CS3/10 
pg LTR192G; and 25 pg CS6/10 pg LTR192G. The patches were applied overnight. A 
separate group of mice was immunized by intradermal injection with 25 pg CS6 alone. 
All mice received three vaccinations (day 0, 14 and 28) and fecal samples were 
collected 7 days after the third immunization. These results are shown in Figure 14. 
Mice receiving LTR192G alone by TCI developed measurable fecal IgA and IgG 
(panels B and F). Mice transcutaneously vaccinated with CS3/LTR192G developed 
measurable LTR192G-specific IgA (panel C) and fecal IgG (panel G). Mice which 
were transcutaneously vaccinated with CS6/LTR192G developed measurable fecal 
IgA and IgG to LTR192G (panels D and H). These results support the dual role of the 
LTR192G in a multivalent ETEC vaccine as a potent adjuvant for boosting systemic 
and mucosal immune responses to colonization factor antigens and as an vaccine for 
heat-labile enterotoxin, a toxin responsible for clinical disease. 

Example 12. TCI with divalent ETEC vaccines elicits antigen-specific antibody 
secreting cells (ASC) in the spleen 

Antigen-specific B cells were next detected in the spleen of vaccinated mice. 
Mice were pretreated and transcutaneously vaccinated as described in Example 9. 
Groups of mice were vaccinated with one of the following formulations: 25 pg CS3; 25 
pg CS3/10 pg LTR192G; 25 pg CS6; or 25 pg CS6/10 pg LTR192G. The patches 
were applied overnight to the pretreated skin. Separate groups of mice were 
vaccinated by intradermal injection at the base of the tail with 25 pg CS3 and 25 pg 
CS6. All mice received three vaccinations (day 0, 14 and 28). Spleens were collected 
30 days after the third immunization (day 58) and single-cell suspensions were 
prepared and the cells cultured and stained for identification of B cells producing 
antigen-specific IgG (IgG-ASC) and IgA (IgA-ASC) as described in the Materials and 
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Methods. No IgA- or IgG-ASCs were detected in spleens from mice transcutaneously 
immunized with CS3 alone (Figure 15, panels A and B) or CS6 alone (Figure 15, 
panels C and D). In contrast, mice transcutaneously immunized with CS3/LTR192G or 
CS6/LTR192G did develop CS3- and CS6-specific IgA- and IgG-ASCs, indicating that 
5 the generation of ASC’s in the spleen was dependent upon co-administration of the 
adjuvant. In addition, LTR192G specific IgA- and IgG-ASC were present in spleen cell 
suspensions of mice vaccinated with the divalent vaccines (/.e., CS3/LTR192G and 
CS6/LTR192G). These results demonstrate that the generation of antigen-specific B- 
cell immunity by TCI is dependent upon co-administration of LTR192G for these 
io antigens. 

Example 13. TCI with trivalent ETEC vaccine (CS3, CS6 and LTR192G) elicits 
antigen-specific antibody secreting cells in the spleen 

The purpose of this study was to characterize the B-cell response in the spleen 
15 after TCI with a trivalent ETEC vaccine. Mice were pretreated and vaccinated as 

described in Example 12. Mice were vaccinated with patches containing a cocktail of 
25 pg CS3/25 pg CS6/10 pg LTR192G. The patches were applied overnight and all 
mice received three transcutaneous vaccinations (day 0, 14 and 28). Spleens were 
collected 30 days after the third immunization (day 58). The splenocytes were cultured 
20 and antigen-specific ASC stained and counted as described in the Materials and 
Methods. The results are shown in Figure 16. Mice vaccinated with the trivalent 
vaccine (CS3, CS6 and LTR192G) were found to have generated IgA-ASC (panel A) 
and IgG-ASC (panel B) for each of the ETEC antigens in the vaccine. These results 
demonstrate that it is feasible to transcutaneously vaccinate with a mixture of ETEC 
25 subunit antigens and to elicit clonal expansion of antigen-specific B cells within the 
spleen. 

Example 14. TCI with monovalent and divalent ETEC subunit vaccines elicits antigen 
specific antibody secreting cells in lymph nodes 
30 It was hypothesized that transcutaneous vaccination at the base of the tail may 

result in clonal expansion of B cells within lymph nodes that drain the dorsal caudal 
skin surface. To test this hypothesis, mice were epicutaneously immunized at the 
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base of the tail on skin that had been tape stripped 10 times. Groups of mice received 
three doses of the following formulations: 25 pg CS3; 25 pg CS6; 25 pg CS3/10 pg 
LTR192G; and 25 pg CS6/10 pg LTR192G. The patches were applied overnight. 
Separate groups received intradermal injections of 25 pg CS3 or 25 pg CS6. All 
groups were vaccinated three times (day 0, 12 and 28) and the inginual lymph nodes 
collected 30 days after the third immunization. Single cell suspensions were prepared 
and cultured with antigens that were plated onto the microwells. IgG- and IgA-ASC 
were visualized by staining as described in Materials and Methods. The results shown 
in Figure 1 7 demonstrate that generation of CS3- or CS6-specific IgG-ASC (panels A 
and B, respectively) was dependent upon co-administration of the adjuvant. It was 
also observed that CS3, CS6 and LTR192G specific ASC’s were more numerous in 
the inguinal lymph node than in spleen (Figure 15). This is consistent with the 
hypothesis that skin immunization likely involves the mobilization and activation of 
resident skin Langerhans cells to become activated by LTR192G interaction with the 
GM1 receptor. Antigen loaded and activated Langerhans cells are believed to egress 
from the epidermis, migrate through the dermis, and into the drain lymphatics. The 
antigen laden Langerhans cell takes up residence in the lymph node were B cell 
clonal expansion takes place, hence the relative abundance of CS3, CS6 and 
LTR192G within the draining inguinal lymph node. 

Example 15. Generation of B-cell immunity to complex mixtures of ETEC antigens 
delivered by TCI 

We also demonstrate that TCI is suitable for immunizing with a complex 
mixture of antigens. Mice were pretreated and immunized as described in Example 
^ The patch was loaded with a cocktail of three ETEC antigens in the following 
formulation. 25 pg CS3, 25 pg CS6 and 10 pg LTR192G. After three epicutaneous 
immunizations, the inguinal lymph nodes were collected and CS3, CS6 and LTR192G 
specific IgG-ASC was determined. Figure 18 shows TCI with the trivalent ETEC 
vaccine did stimulate the generation of ASC specific for each of the subunit antigens 
in the vaccine. 
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Example 16. Transcutaneous vaccination with CFA/I elicits systemic immunity 

Having established that it is possible to immunize via the skin with mixtures of 
high molecular weight antigens, we next investigated the feasibility of TCI with a 
tetravalent ETEC vaccine. CFA/I is widely expressed by ETEC strains isolated 
5 throughout the world. It is estimated that 30% of all human ETEC strains express 

CFA/I. Initially, we determined if CFA/I was immunogenic when delivered into the skin. 
In these studies, mice were shaved at the base of the tail, the skin hydrated and 
gently abraded with emery paper 5 times to disrupt the stratum corneum. The patch 
was loaded with one of the following formulations: 25 pg CFA/I or 25 pg CFA/l/10 pg 
io LTR192G. The patches were applied overnight. A separate group was immunized by 
intradermal injection with 25 pg CFA/I. All mice received two doses (day 0 and 14) and 
serum was collected for analysis 10 days after the second immunization (day 24). As 
shown in Figure 19, mice transcutaneously vaccinated with CFA/I did develop serum 
antibodies after two immunizations (panel A). Co-administration with LTR192G 
is increased the serologic response approximately 8-fold, indicating that LTR192G is a 
general adjuvant for stimulating immune responses to antigens presented in the skin. 
As expected, transcutaneously vaccinated mice also developed antibodies to 
LTR192G (panel B). 

20 Example 17. Transcutaneous vaccination with CFA/I elicits mucosal immunity 

Fresh fecal samples were collected from mice that had been transcutaneously 
immunized with CFA/I in Example 16. The fecal samples were tested for CFA/I- 
specific IgA and IgG. As shown in Figure 20, CFA/I alone did not elicit the generation 
of detectable fecal IgA (panel B) or fecal IgG (panel F). Mice that received CFA/I and 
25 LTR192G did produce fecal IgA (panel C) and IgG (panel G) following vaccination. 
Interestingly, mice that received CFA/I by intradermal injection did not generate fecal 
antibodies to the antigen (panels D and H). 

Examples 16 and 17 demonstrate that it is feasible to transcutaneously 
vaccinate with CFA/I and that production of a systemic and mucosal responses that 
30 were, to great extent, dependent upon co-administration of the adjuvant. 
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Example 18. Transcutaneous vaccination with a tetravalent ETEC vaccine elicits 
systemic immunity 

Broad coverage by a vaccine to prevent ETEC infection will require the use of a 
multivalent vaccine. Epidemiology studies demonstrate that a broad coverage (80% - 
90% of ETEC strains) ETEC vaccine will likely require a combination of at least three 
colonization factor antigens with E. coli heat-labile enterotoxin (LT). The following 
studies were conducted to demonstrate the feasibility of transcutaneous vaccination 
with a tetravalent vaccine. Mice were preshaved about 48 hr before TCI and the skin 
hydrated with 10% glycerol and 70% isopropyl alcohol. The vaccination site was 
pretreated with emery paper 5 times and the vaccine loaded patch applied to the skin. 
The formulation used here was 25 pg CFA/I, 25 pg CS3, 25 pg CS6 and 10 pg 
LTR192G. The mice were vaccinated twice on day 0 and 14 and serum was collected 
for evaluation 10 days after the second immunization (day 24). The results in Figure 
21 show that all four components of the vaccine elicited serum responses after two 
immunizations. It should also be pointed out that the LTR1 92G-adjuvant dose (10 pg) 
did not need to be increased further in order to achieve immunization. This 
observation is significant since it clearly indicates that complex mixtures of subunit 
vaccines can be delivered via the skin and that the adjuvanting activity of the 
LTR192G does not require further increase in the dose of the adjuvant. Furthermore, 
the antigenicity of LTR192G was not diminished by co-administration with multiple 
antigens (CS3, CS6 or CFA/I). 

Example 19. Transcutaneous vaccination with a tetravalent ETEC vaccine elicits 
mucosal immunity to colonization factor antigens 

Mice were pretreated as described in Example 18. Groups of mice were 
vaccinated with patches containing the following formulation: 25 pg CFA/I, 25 pg CS3, 
25 pg CS6 and 10 pg LTR192G. All mice were transcutaneously vaccinated at the 
base of the tail on day 0, 1 4 and 28. Fecal samples were collected two weeks after the 
third immunization (day 42). The samples were processed and evaluated for 
antibodies to each of the antigens in the vaccine. The results shown in Figure 22 
demonstrate that fecal IgA and IgG were elicited to CFA/I (panels A and D), CS3 
(panels B and E), and CS6 (panels C and F). 
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Example 20. TCI with a tetravalent ETEC vaccine elicits anti-toxin (LT) immunity 

Fecal samples were collected from mice that were vaccinated as in Examples 
18 and 19. The samples were processed as described in Materials and Methods and 
5 evaluated for fecal IgA and IgG to LTR192G. As shown in Figure 23, LTR192G 
elicited significant titers of antigen-specific IgA and IgG antibodies, whether the 
adjuvant was administered alone (panels A and D), with CFA/I (panels B and E), or as 
a tetravalent cocktail (panels C and F). 

These above examples clearly demonstrate that multivalent vaccines can be 
io efficiently delivered via the skin without the use of a hypodermic needle, jet injector, or 
other barrier disruptors. These examples also demonstrate the LT adjuvant has a 
significant role in stimulating the production of high titer serum antibodies; directing 
the humoral response by mediating the production antigen-specific lgG2a and IgGI ; 
and it is essential in some cases to promoting a mucosal antibody response to ETEC 
15 colonization factor antigens. We have demonstrated that multivalent vaccine are 
effectively delivered by TCI without deleterious competition among the cocktail of 
antigens. This is important in the treatment of diseases caused by pathogens which 
express a variety of antigenic specificities because assuring coverage of the many 
different isolates will probably require including four, five, six, seven, eight or more 
20 antigens in a vaccine. Neutralization of toxin and prevention of infection provides 
treatment (therapeutic and/or prophylactic) at two critical points of host-pathogen 
interaction. This is an unexpected improvement over the prior art. 

Example 21. TCI elicits long-lived neutralizing antibodies against LT 
25 Human volunteers were enrolled into a phase I clinical trial. The volunteers 

were transcutaneously immunized on the skin over the deltoid muscle. The skin was 
pretreated with isopropyl alcohol and hydrated with a mixture of 1 0% glycerol and 
70% isopropyl alcohol. A gauze patch (4x4 inches) was affixed to an adhesive 
backing and an aqueous solution of LT was applied to the patch. The wet patch 
30 formulations were in PBS with 5% lactose containing one of the following amounts of 
LT: 50 pg, 100 pg, 250 pg or 500 pg. The volunteers received two doses (day 0 and 
30). Serum was collected prior to immunization (pre-immune) and 312 days after the 
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first immunization (post-immunization). By ELISA, the sera exhibited antibody titers to 
LTR192G that were above their pre-immune titers (Table 6). 



Table 6. Detection of serum antibodies after two rounds of TCI 



Volunteer 

number 


Endpoint serum antibody titer 
to LT (ELISA units 1 ) 

— „ 


LT neutralizing titer in CHO 
cell culture 2 


Fold increase 
in neutralizing 
antibody (day 
312/day 0) 




Day 0 


Day 312 


Day 0 


Day 312 




12 


583 


10271 


<1:2 


1:16 


8 


13 


1079 


5098 


<1:2 


1:16 


8 


15 


804 


13468 


<1:2 


1:16 


8 


16 


1231 


12317 


<1:2 


1:8 


4 


18 


671 


18301 


<1:2 


1:16 


8 


19 


730 


8238 


<1:2 


1:8 


4 



5 

1 ELISA unit is the endpoint titer that is equal to 1 OD at 405nm 

2 Lowest serum dilution that blocked (neutralized) CHO cell elongation by >90% 

An in vitro CHO cell assay was used to determine if these sera contained 
io antibodies that would neutralize LT receptor binding and in vitro toxicity. All sera were 
found to have antibodies that blocked (neutralized) LT toxicity in vitro. This result 
shows that TCI does elicit antibodies that function to neutralize the toxic effects of 
heat-labile enterotoxin LT on cells. TCI elicits long-lived immunity to LT and the 
antibodies induced thereby neutralize the toxin. 

15 

Example 22. Transcutaneous vaccination with CS3 and LTR192G subunit vaccines 
elicit serum antibodies that recognize antigens on CS3 + ETEC whole cells 

We next show that antibodies elicited by transcutaneous vaccination are 
immunoreactive with native conformational epitopes expressed by enterotoxigenic E. 
20 coli organism. Mice were pre-shaved and the skin hydrated. The patch was prepared 
by directly applying an aqueous solution (25 pi) consisting of 25 pg CS3 and 10 pg 
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LTR192G to the gauze patch. While the skin was still hydrated, the patch was applied 
and maintained in place for -18 hr. A group of 10 mice received two patches on day 0 
and 14. Serum was collected 10 days after the second immunization on day 24. 

These sera were evaluated by the ELISA method for antibodies to purified CS3, 

5 LTR192G and CS3 expressing enterotoxigenic E. coli (strain E243778). The results 
shown in Figure 24 demonstrate that the immunized mice developed significant 
antibody titers to purified CS3 (1:70,464) and LTR192G (1:32,657). These sera were 
also found to have significant serum antibodies titers to ETEC whole cells (1:11 ,206). 
These results demonstrate that TCI with ETEC subunit vaccines (e g., CS3 and 
io LTR192G) does result in the production of antibodies that recognize native 
conformational determinants on a CS3-expressing ETEC strain. 

Example 23. TCI with killed ETEC elicits immunity against the bacterial pathogen 
It is feasible to transcutaneously vaccinate with a killed bacterial organism 
15 applied to the skin. ETEC (strain E243778) was grown on a bacterial growth media. 
The bacteria were harvested from the cultures by centrifugation and washed with 
phosphate buffered saline. A 2% solution of formalin was added to cell pellet and cells 
suspended to a single cell suspension. The cells were mixed overnight at room 
temperature in order kill all bacteria. The killed cells were washed and resuspended in 
20 PBS. Mice were shaved and the skin at the base of the tail pretreated by tape 

stripping 1 0 times to remove the stratum comeum. The gauze patch was loaded with 
25 pi volume containing 10 9 killed ETEC whole cells (EWC) and 10 pg LTR192G was 
added to the mixture. The patch was applied overnight. A group of 10 animals were 
vaccinated on day 0 and 14 and the serum collected 10 days after the second 
25 immunization. The serum was evaluated for antibodies to EWC and LTR192G using 
the ELISA method described in Materials and Methods. The results are depicted in 
Figure 25. All mice were found to have serologically converted and to have serum 
antibodies to the bacterial whole cells (1:324) as well as LTR192G (1:21,044). These 
results are the first demonstration that it is feasible to transcutaneously vaccinate with 
30 killed bacterial whole cells and to elicit an organism-specific immune response. 
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Example 24. TCI with ETEC colonization factor, heat-labile enterotoxin (LT), and heat- 
stable toxin (ST) antigens 

Certain strains of enterotoxigenic E.coli are known to produce a second 
enterotoxin called heat-stable enterotoxin (ST). Like the heat-labile enterotoxin (LT), 

ST is highly reactogenic in humans and it is a cause of severe diarrhea in children and 
adults. Strains of ETEC may produce STa alone, LT alone, or a combination of STa 
and LT. STa is a small molecular weight peptide 19 amino acids and contains 6 
cysteines. STa is known to poorly immunogenic when administered by injection. This 
study was conducted to demonstrate that it is possible to transcutaneously deliver a 
complex ETEC vaccine that consists of multiple colonization factors (CS3 and CS6) 
and both enterotoxins (LT and ST). Mice were pretreated by tape stripping 10 times at 
the base of the tail using the method described herein. The patch formulations used 
here were the following: 25 pg CS3/25 pg CS6; 25 pg CS3/25 pg CS6/1 0 pg 
LTR192G; and 25 pg CS3/25 pg CS6/10 pg LTR192G/8 pg ST. Mice received three 
transcutaneously vaccinations on day 0, 14 and 28 and serum collected two weeks 
after the third immunization. The results shown in Figure 26 demonstrate that 
immunity to the colonization factors was significantly enhanced by addition of 
LTR192G. This study also demonstrates that the addition of ST can be added to the 
multivalent ETEC vaccine without adversely affecting the adjuvanting action of 
LTR192G or the generation of the immune response to these colonization factors. It 
suggests that it will be possible to develop a pentavalent ETEC vaccine consisting of 
CS3, CS6, CFA/I, LT and STa or any other combination of antigens. These antigens 
can be safely administered via TCI without toxicity or serious, adverse side affects. 

/ 

Example 25. Wet, protein-in-adhesive and air-dried patch formulations for delivery of 
ETEC antigens 

Patches are versatile vehicles for delivering ETEC vaccines by TCI. Here, LT 
was formulated in four different ways. First, LT (10 pg) was formulated in an aqueous 
solution consisting of neutral pH phosphate buffered saline containing 5% (w/v) 
lactose. This formulation was applied directly to skin hydrated with 10% glycerol and 
70% isopropyl alcohol. The solution was left undisturbed or was over laid with a gauze 
pad for 1 hr. Second, LT was blended with various adhesives (e.g., Klucel). The 
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formulation was then spread as a thin coat over an occlusive backing. The LT was 
spread with a Rotograveur press as a fine film to an effective concentration of 1 0 pg in 
a 1 cm 2 area. The film was air-dried at room temperature and moisture content ranged 
between less than 0.2% to 5% water. Patches (~1 cm 2 ) were punched from the sheet. 

5 The patches were stored at ambient temperature and 4°C exhibited the same delivery 
characteristics. Third, LT was directly applied to a gauze pad and spread evenly over 
the surface to a concentration of 10 pg/cm 2 . These patches were air-dried overnight. 
Fourth, LT (10 pg in 25 pi PBS and 5% lactose) in an aqueous formulation was 
dropped directly onto a gauze pad (~1 cm 2 ) that was affixed to an adhesive backing. 

■jo These patched were air-dried overnight at ambient temperature. These patches were 
stored at 4°C for one month prior to use. 

The patches were compared for delivery of LT antigen using the mouse model 
described in Materials and Methods. The shaved skin at the base of the tail was 
hydrated and pretreated with a pumice-containing swab (formulated with 10% glycerol 
15 and 70% isopropyl alcohol) to disrupt the stratum corneum. Groups of 5 mice received 
two patches: one on day 0 and the other on day 1 4. The air-dried patch was re- 
hydrated with 25 pi of water prior to application. The patches were removed after 24 
hr. For the liquid formulation, the LT containing solution was left on the skin for 1 hr 
prior to rinsing with water to remove excess LT. Serum was collected from each 
20 animal 2 weeks after the second immunization (day 28). The results are shown in 
Figure 27. These results demonstrate that all methods were suitable for 
transcutaneous delivery of LT across the skin. This example shows that the patch 
formulation may be an aqueous liquid that is applied directly to skin and over laid with 
a patch; a dry patch with the antigens incorporated within the adhesive (protein-in- 
25 adhesive) and spread as a thin coating over an occlusive backing; a patch in which 
the antigens are applied in solution (separately or as a cocktail) directly to a suitable 
surface and allowed to air-dry; or as a hydrated patch in which the antigens are in a 
solution and the appropriate amount of the solution is directly applied to patch surface 
shortly before applying the patch. 

30 
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Example 26. Protein-in-adhesive formulations for transcutaneous delivery of ETEC 
subunit vaccines and enterotoxins 

The protein-in-adhesive formulations are intended to incorporate one or more 
ETEC subunit antigens into an adhesive formula. The formula is also suitable for 
incorporating killed ETEC whole cells (~10 4 to 10 8 killed bacteria per dose) with or 
without LT-adjuvant. The blend is then cast over a sheet of occlusive (or semi- 
occlusive) backing as a thin film. The vaccine/adhesive mixture is allowed to cure 
(room temperature or 40°C) until the film is dry (water content may vary between 0.5% 
and 5%; 1-2% is desired). The cast film is cut from the die-cast to the desired size and 
shape. The dry patches are then sealed in a light-tight, waterproof plastic or foil 
pouch. Patches produced in this manner may be stored refrigerated or at ambient 
temperatures. The protein-in-adhesive is flexible in that the multivalent vaccine blend 
may be varied to incorporate different amounts and ratios of one or multiple antigens 
and adjuvant. In addition, the patch size may be varied in order to adjust dosing. 
Depending upon the age of the individual, patch size (dose) can be varied for use in 
children and adults. 

Protein-in-adhesive formulations are flexible and uniquely allow the vaccines to 
be coated in layers. These patches are manufactured in a manner wherein each 
vaccine component is layered separately onto the patch backing. The objective is to 
create a multilaminar membrane were component 1 is layered onto the backing, 
component 2 film is layered over 1 , component 3 is layered on top of components 1 
and 2, and component 4 is the outermost layer. The advantage of this approach is that 
it provides flexibility to the formulation (/.©., patches may be produced from the same 
process using different ratios of antigen and adjuvant or in the case were the vaccine 
is manufactured to contain only one or two components). This multilayered formula 
also has the advantage of controlling the release rates of each antigen and the 
adjuvant. In some instances, it will be desirable to have the LT-adjuvant released 
immediately in order to pre-prime the skin dentritic cells (Langerhans cells) prior to 
release of other antigens. In such formulations, the LT-primed Langerhans cells may 
more efficiently capture and process the toxin and colonization factor antigens. 
Controlled delivery is a more efficient use of the adjuvant and antigens and will allow 
the doses to be further reduced. 
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Tables 7-8 describe formulations that may be suitable for stabilizing adjuvants 
and/or antigens into an adhesive. The following are intended to be examples of such 
formulations and are not intend to restrict the formulation. 

5 Table 7. Eudragit EPO formulation 



Ingredients 


% NVC 


Wt (gm) 


Wt (%) 


Dry Wt 
(gm) 


% (w/w) 


EPO polymer 


100 


22.8 


22.0 


22.8 


58.8 


Succinic acid 


100 


1.0 


1.0 


1.0 


2.6 


ATBC 


100 


15.0 


14.5 


15.0 


38.7 


Water 


0 


55.0 


62.6 


0 


0 


Totals 




104 


100 


38.8 


100 



Table 8. Adhesive formulation with E. coli CS6 and LT 



Ingredients 


Wet Weight 


Dry Wt 
(gm) 


Dry 

(% w/w) 




% NVC 


9 

(nat/water) 


9 

(nat only) 


Wet % 






1 X PBS 


6.0 


15.6 


15.6 


38.2 


0.9 


13.3 


EPO 


37.5 


15.6 


15.6 


38.2 


5.9 


82.3 


Natrasol 


2.5 


9.0 


0.2 


22.4 


0.2 


3.2 ! 


CS6 


100 


0.05 


0.05 


0.12 


0.05 


0.66 


LT 


100 


0.02 


0.01 


0.04 


0.02 


0.2 


Tween 20 


100 


0.03 


0.03 


0.07 


0.03 


0.4 



Example 27. Gel formulations for delivery of ETEC subunit vaccines (CS3, CS6, 
io CFA/I, ST and LT) and killed ETEC whole cells 

Gels are examples of fully hydrated or wet patches. These formulations are 
intended to incorporate one or more ETEC subunit antigens entrapped within a gel 
matrix. This formulation is also suitable for transcutaneous delivery of killed ETEC 
whole cells (~10 4 to 10® killed bacteria per dose) with or without LT. The vaccines are 
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formulated by blending a solution containing the antigens in the desired amounts and 
ratios with a carbomer, pluronic, or a mixture of the two gel components (see below). 
The gel containing vaccine is then coated onto a strip of the material that holds the gel 
in-place without spilling. It is important that the material have a low binding capacity 
5 for the proteins in the vaccine. The strip may comprise materials such as polymers, 
natural and synthetic wovens, non-wovens, foil, paper, rubber, or combinations 
thereof. The strip may be a single layer or a laminate of more than one layer. 
Generally, the strip is substantially water impermeable and helps to maintain the skin 
in hydrated condition. The material may be any type of polymer that meets the 
io required flexibility and low binding capacity for proteins. Suitable polymers include, but 
are not limited to, polyethylene, ethyl vinylacetate, ethylvinyl alcohol, polyesters, or 
Teflon. The strip of material for holding the gel is less than 1 mm thick, preferably less 
than 0.05 mm thick, most preferably 0.001 to 0.03 mm thick. 

The gel-loaded strip may be of different sizes and shapes. It is preferred that 
15 the corners be rounded for ease of application. The length of the strip can vary and is 
dependent upon the intended user (/'.e., children or adults). It may be from about 2 cm 
to about 12 cm, and is preferably from about 4 cm to about 9 cm. The width of the 
strip will vary but it may be from about 0.5 cm to about 4 cm. 

The strip may contain shallow pockets or dimples. To hold in place, when the 
20 vaccine containing gel is coated onto the strip, the gel should fill the shallow pockets 
that provide reservoirs for the gel. The shallow pockets may be about 0.4 mm across 
and about 0.1 mm deep. The gel-loaded patch is about 1 mm thick, with a preferred 
thickness of about 0.5 mm or less. 

The flexural stiffness is important since maximal contact between the gel and 
25 the skin must be maintained. The strip will need to conform to the contour of the 
anatomical location where the patch is applied (e g., skin over the deltoid muscle, 
volar forearm, neck, behind the ear, or other locations). Flexural stiffness can be 
measured with a Handle-O-Meter (Thwing Albert Instruments). The flexural stiffness 
should be less than 5 gm/cm, more preferably less than 3 gm/cm. The relatively low 
30 stiffness enables the strip of material to drape over the contoured surface with little 
force being exerted. 
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The gel-loaded strip is held in place by affixing the strip to an adhesive backing 
with the gel surface facing away from the adhesive backing. The backing material may 
be occlusive or semi-occlusive (eg., Tegaderm). The backing is designed to hold the 
patch in place, to aid in maintaining maximal contact between the skin and gel, and to 
5 prevent the gel from dehydrating during wear. 

To prevent dehydration of the wet patch during storage and handling, it may be 
placed on an inert plastic strip, which is fairly rigid. The gel surface would be in direct 
contact with the plastic strip, and the gel/plastic interface has low peel force making it 
easy to separate the gel strip from the plastic strip. The plastic strip may be made of 
io polyethylene or similar material. The gel-patch can be packaged in a light-proof and 
water tight plastic or foil pouch. The pouch can be stored refrigerated or at room 
temperature. 

The following are intended as examples of the hydrated gel formulation and are 
not intended to restrict it: gels in phosphate buffered saline; 1% Carbomer 1342; 1.5% 
15 Carbomer 940; 1.5% Carbomer 934; 1.5% Carbomer 940, 2% sucrose, 10% isopropyl 
alcohol, 10% glycerol; 50% Pluronic F87; and 30% Plurinic FI 08. 

Carbomer polymers are high molecular weight, acrylic acid-based polymers 
that may be cross-linked with allyl sucrose or allylpentaerythritol, and/or modified with 
CIO -C30 alkyl acrylates. These may or may or not be incorporated into a patch or 
20 may be delivered by other means know in the art into the skin. 

Formulations may be comprised of carbomers of different average molecular 
weights. For example, the polymers may be Carbomer 1342 (e.g., 1% Carbomer 
1342, 0.6 mg/ml LT, 0.3% methylparaben, 0.1% propylparaben, 2.5% lactose, lx 
PBS); Carbomer 934 (e.g., 1.5% Carbomer 934, 0.6 mg/ml LT, 0.3% methylparaben, 
25 0.1% propylparaben, 2.5% lactose, lx PBS); or Carbomer 940 (e.g., 1.5% Carbomer 

940, 0.6 mg/ml LT, 0*3% methylparaben, 0.1% propylparaben, 2.5% lactose, lx PBS). 
Each formulation can be prepared in a phosphate buffered saline solution and contain 
LT at a concentration of about 0.6 mg/ml or less, but antigens and adjuvants may also 
be formulated from about 0.001 mg/ml to about 0.6 mg/ml or from about 0.6 mg/ml to 
30 about 6 mg/ml. In addition, antimicrobial agents such as methylparaben and 
propylparaben may be included. 
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Combinations of Carbomer 940 and Pluronic F87 (e g., 1.5% Carbomer 940, 
0.5% Pluronic F87, 0.6 mg/ml LT, 0.3% methylparaben, 0.1% propylparaben, 2.5% 
lactose, lx PBS) may be used. Pluronics are another class of hydrogel that contain 
repeating segments of ethylene oxide-propylene oxide-ethylene oxide. The amount of 
LT and antimicrobial agents in the formulation may be identical. 

Other formulations may enhance delivery using penetration enhancers and 
carbomers. For example, a gel may comprise Carbomer 940 with Pharmasolve (e g., 
1.5% Carbomer 940, 10% Pharmasolve, 0.6 mg/ml LT, 0.3% methylparaben, 0.1% 
propylparaben, 2.5% lactose, lx PBS) while the final gel may contain Carbomer 940, 
glycerol, and isopropanol (e.g., 1.5% Carbomer 940, 10% glycerol, 10% isopropanol, 
0.6 mg/ml LT, 0.3% methylparaben, 0.1% propylparaben, 2.5% lactose, lx PBS). The 
concentration of LT and antimicrobial agents may remain identical to the previous 
formulations, or may be in other ranges specified. 

Example 28. Dosages for CS3, CS6, CFA/I, ST and LT 

The dose range may vary and may be dependent upon the age and medical 
condition of the subject. Doses of 1 mg to less than 5 pg may elicit antigen-specific 
immune responses in both human and animal subjects. The desired adult dose may 
range for colonization factors from about 1 pg to about 100 pg of each (e.g., CS3, 

CS6 and CFA/I); the preferred dose of each colonization factor is from about 5 pg to 
about 50 pg. The desired adult dose may range for LT from about 1 pg to about 1 00 
pg; the preferred dose of LT is from about 5 pg to about 50 pg. The desired adult dose 
may range for ST (not conjugated to a carrier protein) from about 1 pg to about 1 00 
pg. Since ST is poorly immunogenic, the adult dose may be from about 25 pg to about 
100 pg. If ST is chemically coupled to LT (LT-ST), the ST equivalent dose may be 
from about 5 pg to about 50 pg. Immunogenicity can be improved by conjugating ST 
to other carrier proteins, including, for example, albumins, KLH or aggregated 
antibodies. In this latter case, the dose of ST may be from about 5 pg to about 50 pg. 
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All references (e g., articles, books, patents, and patent applications) cited 
above are indicative of the level of skill in the art and are incorporated by reference. 

All modifications and substitutions that come within the meaning of the claims 
5 and the range of their legal equivalents are to be embraced within their scope. A claim 
using the transition “comprising” allows the inclusion of other elements to be within the 
scope of the claim; the invention is also described by such claims using the 
transitional phrase “consisting essentially of (i.e., allowing the inclusion of other 
elements to be within the scope of the claim if they do not materially affect operation 
io of the invention) and the transition "consisting" (i.e., allowing only the elements listed 
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in the claim other than impurities or inconsequential activities which are ordinarily 
associated with the invention) instead of the "comprising" term. No particular 
relationship between or among limitations of a claim is meant unless such relationship 
is explicitly recited in the claim (e.g., the arrangement of components in a product 
5 claim or order of steps in a method claim is not a limitation of the claim unless 
explicitly stated to be so). Thus, all possible combinations and permutations of the 
individual elements disclosed herein are intended to be considered part of the 
invention. 

From the foregoing, it would be apparent to a person of skill in this art that the 
10 invention can be embodied in other specific forms without departing from its spirit or 
essential characteristics. The described embodiments should be considered only as 
illustrative, not restrictive, because the scope of the legal protection provided for the 
invention will be indicated by the appended claims rather than by this specification 
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We Claim: 

1. An immunogen for transcutaneous immunization, wherein said immunogen is 
comprised of one or more antigens in effective amounts to induce an immune 
response against one or more strains of enterotoxigenic Escherichia coli (ETEC). 

2. An immunogen according to Claim 1 further comprising at least one adjuvant. 

3. An immunogen according to Claim 2, wherein the adjuvant is an ADP- 
ribosylating exotoxin or a derivative thereof having adjuvant activity. 

4. An immunogen according to Claim 1 , wherein the adjuvant is selected from the 
group consisting of cholera toxin (CT), Escherichia coli heat-labile enterotoxin (LT), 
and mutants thereof having adjuvant activity. 

5. An immunogen according to any one of Claims 1-4, wherein at least one of said 

antigens induces an immune response against an E. coli colonization factor antigen 
(CFA). 

I 

6. An immunogen according to Claim 5, wherein the E. coli colonization factor 
antigen is selected from the group consisting of CFA/I, CS1, CS2, CS3, CS4, CS5, 
CS6, CS17, and PCF 0166. 

7. An immunogen according to any one of Claims 1-4, wherein at least one of said 
antigens induces an immune response against E. coli enterotoxin STa. 

8. An immunogen according to any one of Claims 1-4, wherein the one or more 
antigens induce an immune response against at least CS3 and CS6; CS3 and CFA/I; 
CS6 and CFA/I; CS3 and STa; CS6 and STa; or CFA/I and STa. 
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9. An immunogen according to any one of Claims 1^4, wherein the one or more 
antigens induce an immune response against at least CFA/I, CS3 and CS6; CF3, CS6 
and STa; CFA/I, CS3 and STa; CFA/I, CS6 and STa; or CFA/I, CS3, CS6 and STa. 

10. A vaccine suitable for transcutaneous immunization, wherein said vaccine is 
comprised of a patch and an immunogen according to any one of Claims 1-9. 

11. A subunit vaccine suitable for transcutaneous immunization, wherein said 
vaccine is comprised of an immunogen according to any one of Claims 1-9 which is 
chemically synthesized, recombinantly produced, at least partially purified, or 
combinations thereof in cell-free form. 

12. A whole-cell vaccine suitable for transcutaneous immunization, wherein said 
vaccine is comprised of an immunogen according to any one of Claims 1-9 in whole- 
cell form. 

13. Use of immunogen or vaccine according to any one of Claims 1-12 to induce 
an immune response against one or more strains of ETEC. 

14. Use of immunogen or vaccine according to any one of Claims 1-12 to treat 
and/or prevent one or more disease symptoms associated with traveler’s diarrhea. 

1 5. The use according to Claim 1 3 or 1 4 further comprising chemical and/or 
physical penetration enhancement. 

16. Use of effective amounts of one or more antigens for manufacture of an 
immunogen or vaccine which induces an immune response against one or more 
strains of ETEC by transcutaneous immunization. 

1 7. Use of effective amounts of at least one adjuvant and one or more antigens for 
manufacture of an immunogen or vaccine which induces an immune response against 
one or more strains of ETEC by transcutaneous immunization. 
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Figure 19A 
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Figure 19B 
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Figure 20E Figure 20F 
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